1. Teopus noBeaeHnsa noTpeduTens

Kak u3BecTHO, B OCHOBE MOJIEIH MOTPEOUTENS JSKUT THIIOTE3a O PAMOHAIBHOM TO-
BEJICHUH, KOTOpasi CBOAUTCS K BBIITOJHEHHIO IBYX OCHOBHBIX MPUHIIUIIOB!

+ [lorpeburenp yrnopsgounBacT MOTpeOUTENbCKAE HAOOPHI (CPEAr KOTOPBIX OH OCYIIe-
CTBJIIET BBIOOp) Ha OCHOBE MPEANOYTEHUH, yJOBICTBOPSIOMIMX HEKOTOPHIM €CTECTBEH-
HBIM YCIIOBHSIM.

+ [ToTpeOuTens BHIOMpAET HAMITYYIINA HAOOP (B COOTBETCTBHE C ITUM YHOPSIOYCHUEM)
CpeIH JOCTYIMHBIX eMy NOTPEOUTETHCKUX HAaOOPOB.

Taxum 00pa3oM, YTOOBI MOKHO OBUIO aHAJIM3UPOBATH U MPEACKA3bIBATH IOBEACHUE
noTpeOUTeNs1, HE0OXO0AUMO OMHUCATh JUIS KaXI0M CHUTyalluu BbIOOpa Crocod ymopsiiouu-
BaHUS TMOTPEOUTEIHCKUX HAOOPOB M OTPAHUYCHMS, KOTOPHIM JOJDKHBI YIIOBIETBOPSTH
JIOITyCTUMBIE BHIOOPHI.

Tak crienuuIMpOBaHHAsS MOAEIH MTO3BOJIAET U3ydaTh
4 KaK{UM COOTHOILIEHHSM yIOBJIETBOPSIET ONTUMAIIbHBINA BEIOOp MOTpEOHTENS;
¢ KaK M3MEHSETCS BBIOOP MOTPEOHTENs MPU U3MEHEHWH MHOXECTBA JOCTYIHBIX €My
NOTPEOUTENHCKUX HAOOPOB (Tak Ha3bIBaeMasi CpaBHUTEIbHAS CTATUKA).

1.1. OmHoweHus1 NnpednoYymeHus

B orinume ot 00bIIeHHOTO MOHUMaHUs, MOHATHE OJiara (ToBapa) B MUKPOIKOHOMUKE
UMeeT JIOBOJIbHO IIUPOKHUI Xapakrep: Ojara pasjindaioT HE TOJBKO MO0 UX (PU3HUECKUM
XapaKTEepUCTHKAM, HO U 110 BPEMEHH, KOTJ[a OHU CTAHOBATCS JOCTYIHBIMH U 110 MECTaM
uX pacrnonoxeHus. bynem mpennonaraTh, 4To moTpeduTento poctynHel / 6mar. Ilox
MHOXXeCTBOM O0NYCTUMbIX arbTEePHAaTUB X OGyneM noHuMaTh Bce (pU3MUECKU
BO3MOJKHBIE HAOOpHI Ojar W, Kak MpaBujio, OyaeM paccMaTpHBaTh €ro Kak HEKOTOPOE

i
TI0JIMHOKECTBO HEOTpHULATENLHOTO opTanTta R’, T.e. X < R:. B HEKOTOPBIX MOCTaHOBKAX

MOJIE3HO TIPEANOJIaraTh, YTO KOJIMYECTBO OJlara MOXKET OBITh OTPHUIIATEIBHBIM; B YaCTHO-
CTH Takasl MOTPEOHOCTh MOYKET BO3HMKHYTh, KOTJIa B KQ4€CTBE OJTHOTO M3 TOBApOB pac-
CMAaTpUBAETCS TPYA UHAUBHIAYyMA.

Mp1 npesmnoiaraeM, 9To B OCHOBE JIEHCTBHI MOTPEOUTENS JIEKAT €ro MPEeANMOYTEHUS,
U B COOTBETCTBHH C 3TUMH TPEAMOYTCHUSIMH OH OCYIIECTBISET BHIOOP MEXIY JOCTYII-
HBIMU €My B TOW CHUTYyaIlMH, C KOTOPOH OH CTAJIKUBAETCs, HAOOpaMH M3 MHOXECTBA J0-
MyCTUMBIX aJbTEePHATHUB. J|OCTYITHOCTh MOTPEOUTETHCKIX HAOOPOB MOXKET OMPEACIIATHCS
(MHAHCOBBIMH, 3aKOHOIATEILHBIMHU U JIPYTUMH OTPAaHUYCHUSIMH.

OO6cynuM cHavyajga TUMUYHBIC MPEINOIOKEHNS OTHOCUTEIHHO MPEIOYTCHUN MOTpe-
outens. OTHOIICHWE TTPEATIOYTEHUS SIBJISETCSA MPUMEPOM TOTO, YTO B MaTEMAaTHUKE Ha3bI-
BaeTcst OMHApHBIM OTHOIIEeHHeM. HanmoMHuMm, uto ¢opmanabHO 6V|HapHoe OTHOLUEe-

HUEe R — 310 moaMHOKeCTBO MHOKeCTBA XX X (R < XXX). Ipyrumu croBamu R —
9TO HEKOTOPOE MHOXKECTBO YIOPSIOUCHHBIX Tap (X, y), TJI€ X U y — DJIEMEHThI MHOKECT-
Ba X. Korza napa (x, y) NprHAIICKHT MHOXKECTBY R, TOBOPAT, YTO X HAXOIAUTCS B OTHO-
meHud R Ky, 9TO 0OBIYHO 3aMKUChIBAETCS Kak X N p.

OnpenenuM Ternepb HEKOTOPhIE CBOMCTBA OMHAPHBIX OTHOIIECHWW, KOTOpPHIE B JaJb-
HEWIIIeM UCIOJIb3yeM TPU PACCMOTPEHUH OTHOIICHHs npeanodreHus. Haunbosee gacto B



TCOpHUU MOBCACHUA HOTpe6I/ITeJI$I paccMaTpruBarOTCA CBOMCTBA TIOJIHOTHI U TPAH3UTUBHO-
CTH.

Onpenesenne 1.
Ortnorrerre R HazpiBaetcst MOJTHbIM, eciu ist TFOOBIX IBYX 3JIEMEHTOB X M ) MHO-
xectBa X (V x, y € X) BoimoaHeHo 60 x Ry, mub6o y R x (;mubo u 1o u apyroe).

[TonuHoTa oTHOIICHHUS N 03HAYAET COMOCTABUMOCTD JIFOOBIX JBYX 3JEMEHTOB MHOMXE-
ctBa X 110 3 TOMY CBOMCTBY. Tak ecii Mbl paccMaTpuBaeM oTHoIIeHne N “ObITh OpaTom”
Ha MHOJKECTBE HACENEeHUS IUIaHEThl 3eMJI, TO OYEBHIHO, YTO JaHHOE OTHOILIEHUE He
obraaeT CBOMCTBOM MOMHOTHI. ECiin %Ke MbI pacCMOTPUM OTHoIIeHHE R, “He HUKE poc-
TOM 4eM”’ Ha TOM K€ MHOXECTBE aJlbTEPHATHB, TO BHIUM HOJTHOTY oTHOIEHHS Ry, Kpo-
M€ TOr0 OTMETHM, YTO €CJIM J[Ba UHAMBHAYYMa X U ¥ UMEIOT OJUHAKOBBIA POCT, TO MbI
umeeM Kak X R, y, Tak u y R, x.

Onpenenum Tenepb CBOMCTBO TPAH3UTUBHOCTH.

Omnpenesienue 2.
Otromenne R HazpiBaercst TPAH3UTUBHbBIM, eciti 151 JTIOOBIX TPEX 3JEMEHTOB X,
u z muokectBa X (V x, y,z€ X),uztorourox Ry u y R z, ciexyer uto x N z.

[TonHoe oTHOWIEHHE HE 0053aHO OBITH TPAH3UTUBHBIM. UTOOBI MTOKA3aTh 3TO PACCMOT-
pUM ciaeayrouuil ycaoBHblid npuMep. [lycTh MHOKECTBO albTEPHATUB COCTOUT U3 3 MH-
JUBUIYYMOB, NIEPBBIA U3 KOTOPBIX JOJDKEH HEKOTOPYIO CYMMY AEHET BTOPOMY, BTOPOM
JIOJKEH TPEThEMY, @ TPETUH JT0JDKEH NIEPBOMY. BBeeM Ha 3’TOM MHO)KECTBE Y4aCTHUKOB
OTHOLICHHE “‘OJKEH HEKOTOPYI0 cymMMy AeHer . Kak He TpyAHO HpOBEpPUTH, AAHHOE
OTHOIIECHUE SIBJISIETCA MOJHBIM, HO HE YJOBJIETBOPSET CBOWCTBY TPAH3UTHUBHOCTH. B TO
e BpeMsi OTHOIIeHHE R, yIIOMHHABIIEECS BBIIIE 00IaaeT ITUM CBOWCTBOM.

Onpenesenne 3.
Ornomenue N Ha3LIBaeTCs pecbneKcm BHbIM, ecinu 171 Kax10ro xe.X, BEIIIOJIHEHO

xNRx.

Otrorrenne R; “CTOUT B CIIUCKE OYEPEIHUKOB HA KHJIbE HE paHbIIe 4eM” 00amaeT
CBOMCTBOM peduieKCHBHOCTH. B TO ke Bpems, oTHommeHHe R4 “cocToMT B Opake ¢ HE
YIIOBJIETBOPSIET CBOMCTBY PEhICKCUBHOCTH.

Omnpenesienue 4.
Otnomenne R HasbiBaeTcs HEPEPIEKCUBHLIM, ecii He cylIecTBYeT XE X, Takoe
YTO BBIMOJHEHO X R x.



[TpumepoM Hepe(IEKCHBHOTO OTHOIICHHS SBJISETCS OTHOIICHHE N4 MPHUBEICHHOE
BBIIIIE, 3 IPUMEPOM OTHOIICHUS HE yJOBIETBOPSIONIUM 3TOMY CBOWMCTBY SIBIISIETCSI OTHO-
mrenre R;. Kak He TPyIHO HOHSATH, HEPEPICKCHUBHBIM SABJISIETCS. OTHOIICHHE JIJIST KOTOPO-
IO CBOMCTBO pe(IeKCUBHOCTH HE BBITIOJIHEHO JUIA Kaxaoro (!) anmeMeHTa MHOXecTBa X.
[TprMepoM OTHOIICHHS, KOTOPOE HE SBISETCS HU Pe(IIeKCUBHBIM, HU Hepe(IeKCUBHBIM
ABJIgeTCs oTHOIIEHHE N5 “AHOOMT”, TaK KaK HE OYEBMJHO, YTO KAKILIA YEIOBEK JIFOOUT
ce0sl, HO ¥ HEe OYEBUIHO, YTO HE CYIIECTBYET JIFOJICH, KOTOPBIE JIIOOAT ceOsl.

Onpenesienne 5.
Ortnorrerre R HazpiBaeTcss ACUMMETPUYHBIM, eciu aist 11000 mapsl x, y € X, u3
x R y caenyer, uto y R x HEBEPHO.

[TpuMepoM aCHMMETPUYHOTO OTHOIICHHS MOYKET CIIY’KUTh OTHOIICHHE Rg “OBITH XKe-
HOW”, a oTHOIIEHHE N7 “TAKOro Ke POCTa, Kak U~ 3TUM CBOMCTBOM He 00J1aaaer.

Onpenenenue 6.
Otnomenne R sBiasercs OTPULATENBHO TPAH3UTUBHBLIM, ecnu i JHOOBIX
TpeX DJIEMEHTOB X, y U  MHOXeCTBa X TaKuX, 4TO X R y, BBINOIHEHO 00 x N z, 1160 z

Ry.

Hazpanue 3T0Oro CBOICTBA MPOUCXOIUT OT CIEAYIOIICH albTEPHATUBHON (HOPMEI €ro
3a/IaHUS:
TR ATERY) =T (xRy).
IIpuMepoM OTHOILEHMS, KOTOPOE YAOBIETBOPSAET CBOMCTBY OTPULATEIIBHOW TpPaH3H-
TUBHOCTH, CIIY)KHUT OTHOIIeHHEe Rg “BoIitre poctoM, deM”. (ITonmbITaliTeCh MPUBECTH MPH-
MepbI OTHOILIEHUH, KOTOPBIE 3TOMY CBOMCTBY HE YIOBJIETBOPSIOT).

Onpenesenne 7.
Ornomenne R HaspBaercs AUMKIUYHDBIM, eci 3 x1 Rxo, xo Rxs, .., X R x,
CIIEAYET, 4TO X, N X1 JOKHO.

(ITonpITaliTecs MpUAyMaTh HECKOJIBKO IPUMEPOB OTHOLIEHUIN KaK yIOBIIETBOPSIO-
IIMX, TaK U HE YOBJIETBOPSIIOIINX 3TOMY CBOICTBY).

B sxoHOMMUECKO# Teopuu MpeanouTeHUE MOTPEOUTENsT — €IMHCTBEHHAS €T0 XapaK-
TEPUCTHKA, KOTOpasi MPUHUMAETC BO BHUMaHUE NpU OOBsICHEHUHU ero moseaeHus. Ilo-
3TOMY B JajbHEWIIEM B TEOPUH MOTPEOICHUS MBI OTOXKIECTBISIEM MOTPEOUTENS C €ro
MNpCaAIIOYTCHUAMMU.

bynem crpouTh Teopuio MOTpPeOUTENHCKOTO MOBEAEHUS Ha ocHoBe HECTPOroro

OTHOLWEeHUA NpeanoYTEHUSA >~ — OMHAPHOTO OTHOLICHHS, 3aJaHHOTO Ha MHOe-
CTBE JIOIIYCTUMBIX QJIbTEpHATUB. Eciu Ui ABYX albTEpPHATUB X U y U3 X BBINOJIHACTCA



COOTHOIIIEHUE X > y, OyZeM rOBOPHUTD, YTO aJIbTEPHATHUBA X He X)Jice, UeM albTepHATUBA
y (ans maHHOTO TIOTpEOUTENS).

TpaaguIMOHHBIM 11 S5KOHOMUYECKOW TEOPUM SABIAETCS NMPEANOIOKEHUE O TOM, YTO
HECTPOroe OTHOIICHUE IMPEANOYTeHUsI, HA OCHOBE KOTOPOTO MOTPEOUTENH YHOPSI0YH-
BalOT JIbTEPHATUBBI, IIOJIHO U TPAH3UTUBHO. DTH MPEAIIOJIOKEHHUS TECHO CBSI3aHBI C IO-
HATUEM PAYUOHANLHOCMU SKOHOMMUYECKHMX areHToB. Kak mpezicraBiisieTcs, HEOThEMIIE-
MBIM CBOWCTBOM PallMOHAJIBHOCTH SIBIISETCS HEMPOTHBOPEYUBOCTH BHIOOpA M BO3MOXK-
HOCTb OCYILIECTBUTH BBIOOP B J1t000 MBICTMMOI cutyarui. [IoHATHO, YTO 3TH YCIIOBHSA B
HaIllUX TEPMUHAX IpUOOpeTaoT (opMy CBOWCTB MOJTHOTH M TPAH3UTHUBHOCTH. (3aMeTuM,
YTO HECTPOTrO€ OTHOUICHUE MPEANOYTeHHUs OyaeT MONHBIM, €CIU Ui JIObIX IBYX allb-
TEPHATUB U3 JOIYCTMMOI'O0 MHOKECTBA aJIbTEPHATUB OJHA U3 HUX HE Xyxke apyroi. He-
CTPOro€ OTHOIIECHUE MPEANOUTEHHs OyaeT TPaH3UTHBHBIM, €CIIM JUIS JIIOOBIX TpeX alb-
TEPHATUB M3 MHOYKECTBA JONYCTUMBIX aJbTEPHATUB U3 TOTO, YTO NEpBasi HE XyXE BTO-
pOIi, a BTOpasi He XyXe TPETEH, CIIelyeT, UTO NepBasi HE XyXKe TPETEil.)

Cy11ecTByIOT, OHAKO, CUTyallud, KOTJa MOBEJCHHUE MOTpeduTenell HECOBMECTHMO C
IIPEII0JIOKEHUEM, YTO €ro MPEANOYTEHNUS MTOJIHBI U TPAaH3UTUBHBIL. Yalle Bcero npuurHa
TAKOT0 HapyIIEHUsI — OTCYTCTBHE TPAH3UTHBHOCTU B HAOJIIOAEMBIX BBIOOpaX Y4acTHH-
Ka.

Ecin MBI IONIpocHM MHAMBUAYYMa CPAaBHUTH CTAaKaH 4asi, KyZa MOJIOKHWIN OJHY Kpy-
NIMHKY caxapa, U CTakaH 4as ¢ ABYMs KpPYNHUHKAaMH, TO IPAKTUYECKH BCET/A MOJIy4YUM
OTBeT 0 Oe3paznuuuu B BeIOOpe. Takoil jke OTBET MOIyYUM NPU CPAaBHEHHUU CTAKAHOB C
JBYMs M TpeMs KpynuHKaMu. [Tpogoimkum Hall onpoc 10CTaTO4HO J0Jr0, U MbI IPUAEM
K a0CypZIHOMY BBIBOAY, €ciIi OyJeM HacTauBaTh HAa TPAH3UTUBHOCTU. A pa3Be JUIsl MHIHU-
BUyyMa COBEpPILICHHO 0e3pa3INyHO, YTO MUTh — CTAKaH C OAHON KPYHNHHKOW, WM CTa-
KaH ¢ KujorpaMMmoM caxapa?! Kak He TpyZlHO MOHSATh, IpUYMHA HEJOPAa3yMEHMsI KPOETCs
B IPUHIUIHAIBLHON HEBO3MOKHOCTH OOBEKTHUBHOTO CPAaBHEHHUSI MAJIBIX BEJIMUMH OJiara.

JpyruMu nmpuuMHaMu MOSIBIEHHSI HETPAH3UTUBHOCTH MOYKHO Ha3BaTh TO YTO HA WH-
JTUBHIyaJbHBIN BEIOOpP YYACTHUKOB MOTYT BIIHMSTH MHEHUS JPYTUX JIIOJEH, ero mpeamnoy-
TEHHsI CaMH 110 ce0e MOTYT MEHATHCS BO BPEMEHH U 3TO JIaIeKO He BCe.

Ha ocHOBEe maHHOr0 HECTPOroro OTHOLIEHUHU INPENIIOYTEHUS. MOKHO IOCTPOUTH JIPY-
r'He JIBa OTHOLICHHS MEXIy ajJbTepHATUBAMH, KOTOpPbhIe OyIyT HCIIOJIIB30BAaThCS IS Xa-
PAKTEPUCTHUKH MOBEICHUS TOTPEOUTEI:

CTporoe oTHOIIEHUE MPENOYTEHHS > OTPECIISICTCS CICTYIONUM 00pa3oM:
x>y(x ye X),ecnux >y, HOHE y > X.

Ecnu muist 1ByX anbTepHATUB X U y U3 X BBIMOIHIETCS COOTHOIICHHE X > Y, OyneM ro-
BOPHUTH, YTO AIbTEPHATHUBA X I)yuie, YEM AIbTEPHATHBA .

B ciydae momHOTHI HECTPOTOTO0 OTHOIICHUS MPEATOYTCHHS 3TO OMPEEICHUE MOKHO
3ammcarh B YKBUBAJIIEHTHOU (hopme:

YrBep:xnenue 1.
HYCTI: HECTPOroc OTHOIICHUC IMPCANTOYTCHUA MTOJIHO, TOT Aa




(x >y) < (HEBepHO, YTO y > X).

Hokazamenbcmeo:

= VYTBepxueHue (x > y) = (HEBEPHO, YTO y > X) CJIEIYET MPSMO U3 ONPEIACICHHS

CTPOroro OTHOMCHUS NPCANNOYTCHU.
& IlonHoTa HECTPOroro OTHOMCHU NPCANOYTCHUA O3HAYACT, YTO
(HEeBEpHO, UTO y > X) = (X > y).
ITo OMPCACIICHHUIO CTPOroro OTHOMCHUS NPCANNOYTCHUA YCIIOBUA
(HEBEpHO, YTO y > X) u (x>y)
B COBOKYITHOCTH O3HAYAIOT (X > ).
|

3aM€TI/IM, 4YTO Ha OCHOBC OAHHOI'O CTPOroro OTHOMCHHA IMPCANOYTCHUA MOXHO I10-
CTPOUTH HECTPOI'o€ OTHOMCHUC NPCANIOYTCHHNA CICAYIOUICTO TUTIA:

Y > X, €CIIi HEBEPHO, UTO X > J.

OTtHoueHne 6e3pa3auyuus ~ ONpenesaeTCs CISAYIONIIM 00pazoM:
VxyeXi(x~y) & xxyuy-x).

Ecnu nst 1ByX anbTepHATHB X U y U3 X BBINOJIHACTCS COOTHOILIEHHE X ~ Y, OyJeM ro-
BOPHUTb, UTO AIBTCPHATUBA 3KEUEANIEHMHA ATILTCPHATUBE ).

3aM€TI/IM, YTO CBOMCTBA IMOJHOTHI U TPAH3UTUBHOCTHU HCCTPOTOT'O0 OTHOIICHHA MPCA-
IIOYTCHUA OGyCHaBJII/IBaIOT CBOMCTBa ACUMMCTPUYIHOCTH U OTpHHaTeHBHOﬁ TPAH3UTUBHO-
CTHU IOCTPOCHHOI'O HAa €0 OCHOBC CTPOIroro OTHOIICHHUA MPCATIOYTCHUA U HaOGOpOT, 4qTo
IMOKAa3bIBAKOT ABa HUKCCIICAYIOIUX YTBCPKIACHUS.

YrBep:xnenue 2.
CTpOFO€ OTHOIICHUC NPCANNOYTCHHUA ABJIACTCA aCUMMCTPHUYHBIM TOrAa W TOJIBKO TO-
Taa, Koraga HECTpOroc OTHOIICHUEC ITPEATIOYTCHUA TTOJIHOC.

Hoxazamenvcmeo:

= ACHUMMETPHYHOCTH CTPOT'Or'0 OTHOLICHUS MPEANOYTEHUS O3HAYAET, YTO ISl JTF000H
napsel X, y € X U3 X > y CIEIyeT, 4TO y > X HEBEPHO. 3HAUYUT, J100 X > y HEBEpHO, JIUOO y
> x HeBepHO. OTCIOa, MONB3YACh ONPEIEICHUEM CTPOroro OTHOIICHHS MPEINOYTEeHNUS,
160 x < y, 1100 y < x. A 3TO ¥ €CTh MOJHOTA HECTPOrOro0 OTHOIICHHUE MPEANOYTEHUSI.

< Ilyctb Temepb Mbl HECTPOTO€ OTHOIIEHHE MPEANOUYTEHHS TOJIHO, T.€. Ui JII000H
napsl X, y € X 1160 x < y, 1160 y < x. CornacHo YT1Bepxkaenuto 1 3To To ke caMoe, 4To
1100 X > y HEBEPHO, JIMOO y > X HEBEPHO. 3HAUUT, U3 X > Y CIEAYET, UTO ) > X HEBEPHO.

A 3T0 1 03HAUYaeT ACUMMCTPHUYHOCTH CTPOTOT'O OTHOIICHUA MPCAITIOYTCHUA.
]

YT1Bepaxnenue 3.




HYCTI: HECTPOroc OTHOMICHUC MPCANIOUYTCHUA SABJIACTCA MOJIHBIM. TOFI[a OTpULATCIIb-
Has TPAH3UTUBHOCTH CTPOIOro OTHOMICHUC NPCANOYTCHUSA SKBUBAJICHTHO TPAH3UTHUBHO-
CTH HECTPOI'Oro OTHOICHUS MPCANNOYTCHUS.

okazamenvcmeo:
B cuny Y1Bepxnenus 1 umeem

Tx>y) © (y>=x).

O‘-ICBI/II[HO, qTo OTpI/IHaTCHBHaH TpaH3I/ITI/IBHOCTB CTpOFOFO OTHOLICHUC HpeI[HO‘-ITeHI/ISI
B opme
Tx>=)A1EZ>=y)=>1(x>p)
OKBHUBAJICHTHA TpaH3I/ITI/IBHOCTI/I HCCTpOFOFO OTHOILICHUA HpeﬂHO‘ITeHI/Iﬂ:
x=D)AEzy)=xxy).
[

3aMeuaHHWe: B 3TOM YTBEP)KJIEHUH, COIVIACHO YTBEPKIEHUIO 2, TIOJHOTY HECTPOIOro
OTHOLLIEHHUS MPEANIOYTEHU MOXKHO 3aMEHUTh Ha ACUMMETPUYHOCTH CTPOrOr0 OTHOIIE-
HUS NIPEIIIOYTEHHUS.

YTBepxkeHus 2 u 3 B COBOKYIHOCTH JOKa3bIBAlOT, YTO U3 TPAH3UTUBHOCTU U IIOJHO-
ThI HECTPOIOI'O OTHOLICHUS MPEAIIOYTEHUS CIEAYeT aCUMMETPUYHOCTD U OTPULIATEIIbHAS
TPaH3UTUBHOCTH CTPOIOr0 OTHOLIEHUS MPEAIOYTEHHSI U HA000POT.

CymecTByeT ABE TPagUIMU MOCTPOSHHSI TEOPUH IOBEACHUS MOTPEOHUTENs, pa3iv-
YaloIrecs CriocoO0M ONMMCaHMs MPEANOUTeHUNH MHANBHIyyMa. IlepBasi, KOTOpPOHl MBI U
OynemM mpuIepKHUBAThCS, OMMPAETCS HAa HECTPOTOEe OTHOILICHHWE MpeArnouTeHus. Bropas
e TpaAMLMs HMCXOAUT U3 CTPOrOro OTHOLIEHUS MPEANOUYTEHUS. 3aMETHM, YTO ATH JIBE
TpaguLUU MPUBOIAT K OJAMHAKOBBIM PE3YJIbTATaM, €CJIM CTPOrO€ M HECTPOroe OTHOLLE-
HUS IPENIOYTEHHUS TIOCTPOCHBI Ha OCHOBE JIPYT JIpyTra YKa3aHHBIM BBIIIE CIIOCOOOM.

YT1Bepaxnenue 4.

Ecnu cTporoe oTHOIIEHHE MPEANOYTCHUS ACHMMETPHYHO M OTPHUIATEIBRHO TPaH3U-
TUBHO, TO OHO

(1) TpaH3UTUBHO,

(2) arukiIn4HO,

(3) HepedekcuBHO.

HHokazamenbcmeo:

(1) IycTh cTporoe OTHOILIEHHE MPEANOUYTEHUS HE SIBJISECTCS TPAH3UTHUBHBIM, TO €CTh
CYILLECTBYIOT TaKHE X, y, ZEX, 4TO X > Z, £ > J, HO X > y HE BbIIOIHEHO. 1o accummer-
PUYHOCTH U3 X > Z CIEAYET, UTO g > X HEBEPHO. TakK Kak X > y HEBEPHO U I > X HEBEPHO,
TO 10 OTPULATEIBHON TPAH3UTUBHOCTH Z > J HEBEPHO. [lonyunnu npoTtuBopeuue.

(2) yctp ms xxe X (k=1,...,n) BBIIOTHEHO X| > X > X3 > ... > X, 1 > X,. [10 HHOYKIAH
Y TOJIBKO YTO JIOKa3aHHOM TPAH3UTUBHOCTH UMEEM X| > X,. V3 allUKIIMYHOCTH TTOTydaeM,
YTO X, > X| HEBEPHO.

(3) Ilycrp x> x. Tak Kak > aUMKJIMYHO, 3TO O3HAYaAET, YTO X > X HeBepHO. [IpoTuso-
peuue.




Onpenesenne 8.
MHuoxecTBOM Oe3paznmuuus (KpuBOil Oespaznuuus) I[(x), COOTBETCTBYIONIUM TOYKE
xe€ X Ha3bIBaeTCsl MHOXKECTBO BCEX TOUEK, SKBUBAJIEHTHBIX X:

Ix)={ye X | y~x}.

YrBepxaenue S.

Ecnu HecTporoe OTHOIIEHHE MPEAINOYTEHUS TMOJHO U TPAH3UTUBHO, TO OTHOIIEHUE
SKBUBAJICHTHOCTH

(1) TpaH3UTUBHO,

(2) pepnexcusHo,

(3) nro0BIe MBa MHOXKECTBA Oe3pa3nuuus 00 He UMEIOT OOIIUX TOYeK, 100 coBMa-
JIAI0T.

okazamenvcmeo:

(1) IycTp nns x, y, ze X, BbINIONHEHO X ~ Z U Z ~ y. [lo omnpeaenennio 3KkBUBAJIEHTHO-
CTH UMEEM X < Z U £ < ), U, KpPOME TOrO, X > z ¥ Z > y. [lo TpaH3UTUBHOCTH HECTPOTOTO
OTHOLIEHHUS MIPEANIOYTEHUS ITO BIEYET X < J U X > p. 3HAUUT, X ~ ).

(2) U3 mOAHOTBHI HECTPOTOTO OTHOIIEHUS IMPEINOYTEHUsI CIEAYeT ero pedrueKcus-
HOCTB, T.€. X > X V x € X. [lo onpeseneHnto 5KBUBAJICHTHOCTH 3TO BJICUET X ~ X.

(3) ycts I(x) u I(y) — nBa MHOXecTBa Oe3pa3nuyusl U U MYyCTh OHU UMEIOT OOIIYIO
TOUKy z. Toraa 1o onpeneneHuio MHOKECTB Oe3pa3Inyus, UCIOJIb3ysl TPAaH3UTUBHOCTh U
pedrekcuBHOCTh, UMeeM X ~ y. Mcnonb3ys TPaH3UTHUBHOCTh U PEQIECKCUBHOCTH JIETKO

nokasath coBnazeHue I(x) u I(p).
|

Tecmbl u 3a0auu 013 cAMOCMOAMEIbHOZ0 PEUICHUS

1. Ecau oTHOIIEHHE MMpEaAIIOUYTCHUS TOJIHO U TPAH3UTUBHO, TO OHO
¢ HepedIIeKCUBHO;

L ACUMMCTPHUYHO,

¢ pedIieKCHBHO.

. Ecnu otHOMMICHME MpCaAIOYTCHUA ABJISICTCSA TPAH3UTUBHBIM, TO OHO TAKXKC ABJIACTCA
AIIUKJIINYHBIM,

IMOJIHBIM;

Hepe(IIeKCUBHBIM.

* & o

Ecau oTHOIICHHNE MPpEANIOUYTCHUA ABJIACTCS AlITUKIIMYHBIM, TO OHO TAKXKC SABJIACTCS
TPAH3UTUBHBIM;

* &

ACUMMCTPUYHBIM;
¢ pedIIeKCHBHBIM.

4. AcuMMeTpUYHOE OTHOLICHHE TPEANOYTEHHUs 001a1aeT CBOICTBOM




¢ HepeIeKCUBHOCTH;
TPaH3UTUBHOCTH;
peIIEKCUBHOCTH.

L R 2

. I3 cBOiiCTBA OTpULIATEIILHON TPAH3UTUBHOCTH U ACUMMETPUYHOCTH CJIELyeT CBOMCTBO
LUKJIUYHOCTH;

TPaH3UTUBHOCTH;

peIIEKCUBHOCTH.

* & oW

. bunapnoe otHoIeHHE «A oTenr By He 0bnamaer cBoiicTBaMu
MOJIHOTHI;

Hepe(]IeKCUBHOCTH;

aCUMMETPUYHOCTH.

* & o O

. bunapnoe otHomeHune «A ponHas cectpa B» obnagaer cBolcTBOM
IIOJIHOTHI;

TPaH3UTUBHOCTH;

peQIIEKCUBHOCTH.

* o o

8. bunapHoe oTHOLIEHUE «A claeT sk3aMeH By Ha MHOXXecTBe Jtofel, HaXOIAIUXCS B
JAHHBIA MOMEHT B YHUBEpCHUTETE 00J1a/1a€T CBOWCTBOM

4 IIOJHOTHI;

¢ HepeIeKCUBHOCTH;

¢ pedIeKCUBHOCTH.

9. bunaproe oTHomIeHHE R HA3bIBACTCS HEPEPICKCUBHBIM, €CITH
¢ 13 TOro, yTo XNy ClIEAYET, UTO HEBEPHO YRX;

4 13 TOTO, 4TO HEBEpHBI XNy 1 yRz crenyeT, uro HeBepHO XNZ;
¢ HEBEpHO, 4TO XRX.

10. BunapHoe oTHOIICHHE R HAZBIBACTCSI ACHMMETPHYHBIM, €CITH
¢ 13 TOro, uTo XNy ClIeaAYET, UYTO HEBEPHO YRX;

4 13 TOTO, 4TO HEBepHBI XNy 1 yRz crienyeT, uro HEBepHO XNZ;
¢ HEBEpHO, 4TO XRX.

11. BI/IHapHOG OTHOIICHHC HA3BIBACTCA OTPULATCIIBHO TPAH3UTUBHBIM, CCIIN
¢ 13 TOro, yTo XNy ClIEAYET, UYTO HEBEPHO YRxX;

4 13 TOTO, 4TO HEBEpHBI XNy 1 yRz crienyeT, uro HEBepHO XNZ;

¢ HEBEpHO, 4TO XRX.

12. Ilokaxkure, 4TO:

ACUMMETpPUYHOE ¥ OTPULIATEIHHO TPAH3UTUBHOE OTHOILICHHUE TPEATIOUTEHUS SIBIISCTCS
- Hepe(IIEKCUBHBIM (T.€. HEBEPHO, UTO X >X);

- TPAH3UTHUBHBIM (T.€. €CIIU X >y, ¥ >Z, TO X >7);



- AUUKINYHBIM (T.€. €CIIU X1 >X2 > X3 ... X1 >X,, TO HEBEPHO, UTO X, >X|).

13. Ilyctb X cOCTOUT U3 n-MEPHBIX BEKTOPOB (C HEOTPULIATEIbHBIMU KOMIIOHEHTaMH), a
OTHOILICHHE 33JaHO CIEAYIOUIMM 00pa3oM: X > y, €Clii BCe KOMIIOHEHTHI BEKTOpa X
(cTporo) 6obllIe COOTBETCTBYIOLIMX KOMIIOHEHT BEeKTOpa y. OXapakTepus3yinTe COOTBET-
CTBYIOIIIEE €My OTHOILICHHE HECTPOTOro MPEeINOoYTeHuss M OTHOLICHHE Oe3paznuuus (X
> ¥, €CIIM HEBEPHO, UTO y > X).

1.2. AnemeHMbI meopuu ebI6opa U 8bisieNIeHHbIe NpPeodnoYmeHusi

OObIYHO B MUKPOIKOHOMHUKE OMHUCAHUE MPEANOYTECHUN C OMOIIBI0 OMHAPHBIX OTHO-
IICHUH HCTIOJIb3YeTCs B KayecTBE OTMPABHOM TOYKM aHAIW3a PAalMOHAIBHOTO BBIOOpa
notpedutens. Ho Bo3MOXXeH U pyroi moaxos1, OTIpaBHON TOYKOH KOTOPOTro HEmocpe-
CTBEHHO SIBISIETCS BBHIOOP ydacTHHKA. [IpeMMyIecTBO Takoro mojaxoia COCTOUT B Clie-
JYIOIIEM: MBI MOKEM Ha0JII0IaTh BEIOOP yYacTHUKA, HO HE ero npeanoytenus. OaHako B
HEKOTOPOM JIOCTaTOYHO IIMPOKOM KJIacce CIIy4aeB IOJXO0J, OCHOBAaHHBIA Ha BHIOOpE,
MIOJIHOCTBIO SKBUBAJIECHTEH INOAXOAY, OCHOBAHHOMY Ha IPEANOYTEHHUSAX, B TOM CMBICIIE,
YTO BO3MOKHO MO U3BECTHOMY BBIOOPY IMOCTPOUTH OTHOIICHUE MPEANOUYTEHUS, KOTOPOe
nopoxaaeT 3ToT BeiOop. C apyroil CTOPOHBI, MOAX0/I, OCHOBAHHBIA Ha MPEANOYTCHHSIX,
MO3BOJIIET TOCTPOUTH OoJiee OOTaTYIO TEOPHIO.

Jlns onucanus BbIOOpa y4acTHHKA B TEOPUM BbIOOpa BBOAATCA NoHATUS CUTYaLUU

Bbl60pa u npasuna Bbl60pa, OIIPEJIEICHHOTO0 HAa MHOXECTBE CUTyallMi BbIOOpa.
Cutyanus BbIO0Opa — 3TO HEKOTOPOE MOJIMHOXKECTBO MHOXKECTBA JOIYCTUMBIX ((usnye-
CKHU) albTE€PHATUB X, C KOTOPBIM YYaCTHUK CTAJIKUBAETCS U U3 KOTOPOTO OH MOXKET BbI-
ouparts.

Onpenesenne 9.

[Tycth A — MHOXeECTBO cuTyarmii Beioopa (A 2X). [TpaBuiio Bei6opa C(.) CTaBUT B
COOTBETCTBUE KaXI0W cUTyaliu Beioopa A u3 A Hemycroe MHOXecTBO C(A) BHIOpaHHBIX
aNbTEpHATUB, KaXKJ1asl U3 KOTOPBIX ABJIAETCS 31eMeHTOM A4, T.e. C(4) < 4.

AN

ParnponanbHOCTh TOTpEOHUTENS B TEPMUHAX (DYHKIIMH BBIOOpA BBIPAXKAETCS B «aKCHO-
Me BbIOOpa XayTeKKepay.

AxkcnoMa BbIOOpa XayTeKKepa

(AKCHOMA BBLISIBJCHHLIX IPEANOYTEHMI)
[Tycts A u A” — nBe cuTyaluu BHIOOpA M albTEPHATHBEI X,  TIPUHAIICKAT KaK A,
tak U A”. Eciu x € C(4),ay e C(4"), Tox € C(4").

CwmbIcn gaHHOTO CBOMCTBa mpo3padeH. Eciau moapasymeBarh, 4TO MOTPEOUTENH pa-
[IMOHAJICH B TOM CMBICJIE, UTO BBIOHMpAET B JIFOOOW CHUTYyallMH BBIOOpA “IydInme’” ambTep-
HATHUBBI, TO JaHHAsl aKCMOMa yCTaHABJIMBAET YCIOBHE HEIPOTUBOPEUYUBOCTH €TI0 BHIOODA.



Onpenenenne 10.
bynem rosoputs, yto ansrepHarusa x HECTPOro BbIABNIEHHO MnpeanodynTa-

€TCH anpTepHATUBE y, €CIIU CYIIECTBYET CUTYallus BbIOOpA A, Takas 4To X,y € A UX €
C(A).

B nansHeiimem HECTPOroe OTHOLLUEHWE BbIdBNEeHHOro npeanoyYtTeHunsd
OyzneM 0003HauYaTh >R U TOBOPUTH, UTO X GbLABIEHHO He X)oice Y, Koraa x >R y. Cmbich
ATOTO OMPEIENIEHUsI COCTOUT B TOM, UTO €CJI ObLIa BbIOpaHa allbTepHATHBA X B CUTYallUU
BbIOOpA, KOr/1a ObUIa JOCTYIHA TaKXKE aJlbTEPHATHBA Y, 3HAYUT, X HE MOKET OBITh XYXKeE .

Omnpenesenne 11.
bynem rosoputs, uTo anprepHaTuBa X CTPOrO BbIABIIEHHHO Npearno4vnTaeT-

CH anmpTepHATHBE y, €CIIM CYLIECTBYET CUTYaIUs BbIOOpa A, Takasg 4To X,y € A U X €
C4),v0y¢e C(4).

CTporoe oTHOLLUEHME BbIABIEHHOMO NPeanOYTEHUS 6yaem 0603HadaTh >
R ¥ TOBOPUTBH, UTO X 6bLAGIEHHO Nyyuie y, Koraa X >R y. CMbICH 3TOro onpeneneHus co-
CTOUT B TOM, YTO €CJIM B KaKOW-TO CUTYaIlMu BbIOOpA ObLIN TOCTYIHBI KaK X, TaK U y, HO
anbTepHATHBA X ObLIa BEIOpaHa, a albTePHATUBA Y — HET, 3HAYHT, X JTy4Ile .

AkcromMy BeIOOpa XayTeKkepa MOKHO mepedopMyIupoBaTh B TEPMUHAX BBISIBICHHBIX
MPEAIIOYTEHNMN:

Ecmu x BLIABICHHO HE XYXKC Yy, TO Yy HC MOXKCT 6BITB BBIABJICHHO JIYYIIC X, T.C.
(x>Ry)="1( >Rx).

ParnyoHanbHOCTh MOTpEOUTENsT B TEPMUHAX NPEANOYTEHUI TECHO CBS3aHA C PaIlHo-
HAJIbHOCTBIO BbIOOpa MOTpeOHTENs, KaKk OHA CPOpPMyIUpOBaHa B aKCHOME BBIOOpa Xay-
TEKKepa.

YT1Bepaxnenue 6.
[TycTh npaBuiio Beioopa C(A4) ompeaesieHo Ha MHOXKECTBE CUTYyaluil BeiOopa A u npu
TOM
4 BBINOJTHEHA aKcHOMa BeIOOpa XayTeKKepa;
¢ A comepxut Bce ABYX- U TPEXAIIEMEHTHBIC IOJMHOKeCTBa X.
Torga HecTporoe OTHOLIEHHUE BBISIBICHHOIO IPEANIOYTEHUS >R, COOTBETCTBYIOIIEE
npaBuity Beroopa C(A4)
(1) monHo,
(2) TpaH3UTHUBHO.

Uokazamenvcmeo:
(1) Iycts x, y — nBe anpTepHaTuBbl U3 X. CuTyanus BeIoopa {Xx, y} JA0JDKHA PUHAI-
aexarb A, Tak Kak 3TO IByX3JEMEHTHOE OAMHOKecTBO X. [TockombKy 1O onpeaeeHuto




C({x, y}) He momxkHO OBITH MycTBIM, TO TH00 X C({x, y}), mubo ye C({x, y}). To ecThb
160 x >R y, mubo y >R x.

(2) Ilycts X, y, 7 — Tpu anbTepHATUBBI U3 X, Takue 4to X >R y u y >R z. Cutyanus Bbl-
Oopa {x, y, z} MOJDKHA MPHHAICKATh A, TaKk KaK 3TO TPEXIJIECMEHTHOE MOIMHOXKECTBO
X.

[Tokaxem, uro xe C({x, y, z}). Ecnu ye C({x, y, z}), ToO U3 akcuombl BbIOOpa XayTek-
Kepa cienyert, uro xe C({x, y, z}), MOCKOJbKY X >R y. Ananoruuno, eciu z € C({x, y, z}),
to xe C({x, y, z}). [lockonmbky C({x, y, z}) HEmycTo, TO B Mobom ciaydae x € C({x,y,
z}). DTo BieueT 3a coboif, 4TO
X >Rz

|

JlaHHOE yTBEpiKIeHHE MOKa3bIBAECT, YTO BHIOOP HA OCHOBE IpaBMJIa BBHIOOpA, YAOBIIE-
TBOPSIFOIIETO aKCHOMe XayTeKKepa, MOKHO «PallMOHATM3UPOBATh» KaKk BEIOOP Ha OCHOBE
HEKOTOPOTO OTHOUICHHS MPEANMOYTCHHS. 3aMETHM, 4YTO, KaKk OyIeT TMOoKa3aHO HHXKe,
CHpaBeJIUBO U 0OpaTHOE.

Ecnu 3amanbl npeanodreHuss >, TO MPaBHIO BbIOOpa MOTPEOUTENS, COOTBETCTBYIO-
mec 5TUM MMpeANnOYTCHUAM CCTCCTBCHHO ONIPCACINTD CICAYIOIIUM 06pa30M:

C(A)={xed|x>yV ycd}.

YT1Bep:kaenue 7.

[Tycts mpauno BbiObopa C.(4) COOTBETCTBYET TPAaH3UTUBHOMY HECTPOTOMY OTHOIIIE-
HUIO mpeanodyreHuss >. Torga 3To mpaBmiio BeIOOpa YAOBJIETBOPSET aKCHOME BbIOOpa
XayTekkepa.

Uokazamenvcmeo:
[Tycts x >R y. DTO 03HaAuUaeT, YTO B HEKOTOPOW CUTyaluu BbIOOpa A Kak X, Tak U y
MOYKHO OBIJIO BBIOpATh (X, y € A) U cpean BHIOPAHHBIX abTEpHATUB ObLIA aTbTEPHATUBA

x (xe C.(4)). Ilockonbky npaBuio C.(4) NOpoxJeHO HECTPOTUM OTHOLIECHUEM IPEOoY-
TEHHS >, TO X > y. [IycTh B HEKOTOPO# Ipyroi cutyaruu Beioopa A" Kak X, Tak M y MOXK-
HO ObLIO BBIOpATh (X, y€ A') W cpenu BBHIOpAHHBIX AJbTEPHATHB OblIa aJlbTEPHATHBA
y (ve C.(4")). Oto o3Havaet, uto y > 7 V 7€ A’. I3 TpaH3UTHBHOCTH CICIYET, YTO TO KE
caMoe JIOJDKHO OBITh BEPHBIM JUIA X, T.€. X > g V z€ A’. Takum obpaszom, x € C.(4"), To
€CTh aKCMOMa XayTeKKepa BbIMOJIHEHA.

]

[Tokaxkem Temeph, UYTO €CIIM MHOXKECTBO CHUTYallMii BBIOOpa, HA KOTOPOM ONPEACICHO
MpaBUJIO BBIOOPA, TOCTATOYHO OOTaTo, TO MOAXO, OEpPYIINii 32 OCHOBY MPaBUIIO BHIOODA,
SKBUBAJICHTEH MOJIXOTY, OEpyIIeMy 3a OCHOBY IPEAIIOUTCHHS.

YT1Bep:kaenue 8.

[TycTh BBITIOTHEHBI YCIOBHS YTBEepkaeHus 6. Torma mpaBuio BeIOOpa CR(A), MTOPOXK-
JIEHHOE HECTPOTUM OTHOLICHHEM BBISIBJICHHOTO MpEANOYTeHHs >R, comamaer ¢ UCXOA-
HBIM [TPABUIIOM BbIOOpa Ha A, T.e.




C'(4)=C(4) V 4e A.

okazamenvcmeo:
R
(CA4)cC )
ITycte x € C(4). Torga mo ONpenesIeHNI0 HECTPOTOIO BBISBIEHHOTO IPEANIOYTEHUS

x>RyV ye A. Orciona BUAHO, UTO X € CR(A).

(C"(4) € C(A))

Ilycts x € CR(A). ITockonbky MHOeCTBO C(A4) HEMYCTO, TO CYIIECTBYET allbTEPHATHU-
Ba ye(C(A). YcnoBue x € CR(A) 03HAYyaeT, YTo JUIsl MPOU3BOJILHOMN albTEPHATUBHI € A,
B TOM YHCIIC U JIJIS J, BBIIIOJHEHO X >R Z, TO €CTh CYIIECTBYET TaKasi CUTyalus Beioopa A’,
yrox,y € A’ uxe C(A).

Takum o6pazom, mMbl umeeM X,y € A’, x,y € A, xe C(4") u yeC(A). Ilo akcuome
XayTekkepa 3To o3Havaet, 4to x € C(4).

|

Tecmbl u 3a0auu 013 cAMOCMOAMETbHOZ0 PEUICHUS

1. HecTporoe oTHOIIEHUE BBISBIEHHOTO MPEATIOYTCHHSI BCETAa 001aaeT CBONCTBOM
4 IIOJHOTHI;

¢ TPAH3UTUBHOCTU;

¢ pedieKCUBHOCTH.

2. Ilyctes MHOXecTBO anbrepHatuB X koHeuHo. Torma ¢ynkmus Beidopa C(.), ompene-
JICHHAasl Ha BCEX IMOJMHOXECTBAaX MHOXECTBa X, YIOBJIETBOPSET aKCHOME BBISBICHHBIX
IIpEeAnoYTeHUN XayTeKKepa, eCiu

¢ npaBwio (GyHKIMA) BHIOOpA SBISETCS BOTHYTHIM;

¢ BHIOOp yJaCTHUKA MOXET OBITh ONMMCAH MOJHBIM U TPAaH3UTHUBHBIM OTHOLLICHHEM Ipe.-
MOYTEHHUS;

¢ (GyHKIMA cIpoca yYaCTHHKA MOKET OBITh MOJydeHa Ha OCHOBE CpPaBHEHUS MOTPeOH-
TEJbCKUX M3JIUIIKOB.

3. MHOXeCTBO aJbTepHATUB X KOHEUHO U COCTOUT U3 3 3JIeMEHTOB X = {x, y, 7}.
Y4acTHHK OCYIIECTBISIET CBOM BEIOOP Ha ero moamMHoOxecTBax 4 1={x, y}, 4={x, y, 7}.
Bei6op ywyactHuka onucsiBaetcs (ynkiuen Boidopa C(.). Kakue n3 HmxenpuBeIeHHBIX
IpaBuI BEIOOpA HE YOBIETBOPSIIOT aKCHOME BBISIBIICHHBIX MTPEINOYTCHU?

¢ Cl({x,y})={x}, Cl({xaya z}):{x};
¢ Cz({x,y})={x}, C2({x9y9 z}):{),};
¢ Cg({x,y})={x,y}, C3({x9y9 z})z{xay}'

4. MHOeCTBO albTepPHATUB X KOHEYHO U COCTOUT U3 3-X 31eMeHToB X = {x, y, 7}. Yua-
CTHHK OCYIIECTBIISIET CBOM BBIOODP Ha €ro moagMHOXecTBax A4;={x, y}, 4 ,={y, 7},

As={x, z}. Beibop ydacTHuKa omuckiBaeTcs ¢yHkime Beioopa C(.), mpu atom C(4 ;) =
{x}, C(4,) = {y}, C(43) = {z}. Kakue U3 HIKENPUBEICHHBIX BHICKA3bIBAHUH CIIpaBe/I-
JUBBI?




1) Be16op ymoBiIeTBOpSIET aKCMOME BBISIBJICHHBIX MPEAMIOYTCHUN.
2) Be1bop ydacTHUKA IPEICTAaBUM HEKOTOPHIM OTHOIICHUEM MPEIITOUTEHUSI.
¢+ 1;
*2;
¢ 1,2

5. KakoMmy u3 INepeunciIeHHbIX YTBEPKICHMM SKBHUBAJCHTHA AKCHOMA BBISBICHHBIX
peANnOYTEHUN?

¢ Ilycte X — mHOXecTBO anbrepHatuB. [1yctb A, A" € X v kpomMe ToTO X,y € A U X,y €
A

Toraa u3 Toro, uto x € C(A)uy € C(4’) cnenyerx,y € C(A)ux,ye C(4’), tne C(.) —
¢byHKIuMs BBIOOpA.

¢ Ilycts X — MHOXeECTBO anbTepHaTHB. Toraa u3 toro, uro xe A uy € A’ cnenyer xe
A" mye A, rne A, A” C X HEKOTOpbIC MOAMHOXKECTBA X.

¢ Ilycts X — mHOXkecTBO anbrepHatuB. [Iycts A, A” € X u kpome Torox € C(A) uy €
C(4’), rme C(.) — dynkuust Beibopa. Tormax,ye A ux,ye A’

6. ITycte X — MHO>XK€ECTBO aJIbTEPHATHUB.

Ilyctb A, A' € X u xpome Toro X,y € Au x,y € A'. Torna u3z toro, utox € C(Ad) uy e
C(A) cnenyet {x, y} € C(4) u {x, y} € C(4"), rne C(.) — npasuio BwIOOpa. JlanHOE
CBOWCTBO SIBJIAETCS:

¢ (HOpMyIHUPOBKOM TPAH3UTUBHOCTH OTHOIICHHS BBISBICHHOTO MPEATIOYTCHHUS,

¢ QopMyIHPOBKOIN aKCHOMBI BBISIBJICHHBIX MPEANOYTCHHM, B KOTOPOI JOIMyIIeHa OImuo-
Ka;

¢ (HOpMyIHPOBKOW aKCHOMBI BBISIBICHHBIX MPEATOYTCHHM.

7. Ilyctb X — MHOXecTBO ajbTepHaTuB. PaccMorpum A, A' € X u Takue HaOOpHI X, p,
yro X,y € Au x,ye€ A'. Torna u3z toro, uto x € C(4) u ye C(4'") cnenyer y € C(A)
uxe C(4"), rone C(.) — pynkuus Beroopa.

JlaHHOE CBOMCTBO SIBJISIETCS:

¢ (HOpMyIHUPOBKOM TPAH3UTUBHOCTH OTHOIICHHS BBISBICHHOTO MPEATIOYTCHHUS,

¢ QopMyIHPOBKOIN aKCHOMBI BBISIBJICHHBIX MPEANOYTCHHM, B KOTOPOU JOIMyIIeHa Omuo-
Ka;

¢ (HOpMYIHUPOBKOW aKCHOMBI BBISIBJICHHBIX MPEATOYTCHUN.

8. OTHOIICHHE BBISBICHHOTO MIPEANOYTEHUs 001a/1aeT CBOMCTBOM TOTHOTHI, €CJIH. ..

4 TPaBUJIO BEIOOpA 337aHO HA MHOXKECTBE BCEX MTOJIMHOKECTB MHOXKECTBA albTEPHATHUB;
4 OTHOILLIEHHE BBISBIICHHOTO MIPEANIOYTEHUS OTPULIATEIBHO TPAH3UTUBHO;

¢ OTHOLLICHHUE BBIBICHHOTIO OTHOLIEHHS YJIOBJIETBOPSIET AKCUOME BBISBICHHBIX IpE.I-
MOYTEHHH.

9. ITycTh MHOXECTBO aJbTEPHATUB X KOHEUHO U COCTOUT U3 3-X PJIEMEHTOB X={X, y, Z}.
Y4YacTHHK OCYIIECTBISIET CBOM BBIOOP Ha €ro MOJAMHOXeCTBax 4| = {x, y}, A»={x, y, z}.
Bei0op ydacTHHKa onrcbiBaeTcst pyHKIuei Boidopa C(.).



OTHOIIICHUE BBISIBJICHHOTO MPEINOYTCHUS 3aaHHOE ISl JAHHOM CUTYaIluu
¢ He Oy/IeT YAOBJICTBOPSATh AKCHOME BBISBJICHHBIX TPEAMOYTCHHIA;

¢ He OyzeT NOJTHBIM;

¢ Oynet 00sa1aTh CBONCTBOM TPAH3UTHBHOCTH.

10. OmHO M3 HEOOXOAMMBIX YCIOBHH IS TOTO, YTOOBI OTHOIIEHHE BBISBICHHOTO
MPEOYTEHUs! OBUIO TPAH3UTHBHO COCTOUT B TOM, UTO
4 TIPABUIIO BBIOOpA HETPEPHIBHO;
4 OTHOIICHHE BBISBJICHHOTO MIPEINOYTEHUS PeIIEKCUBHO;
¢ TpaBUIO BHIOOpA 3aJaeTCs Ha BCEX TPEXDIEMEHTHBIX IMOJMHOXKECTBAX MHOXKECTBA
aNbTePHATHB.

11. ITycte dyaknmst C.(.) COMOCTABIACT KAKIOMY HEMyCTOMY MTOAMHOKECTBY A MHOXe-
CTBaXCOBOKyT[HOCTI: €TI0 HAUJTyUlIUX IO > DJICMCHTOB
(C(A) = (xe A | HE cymIeCTBYET y € A, TAKOH, 4TO Y > X).
[TokaxkuTe, 4TO €CIIU HECTPOrOe U CTPOTOE OTHOIICHHUS MPEINOUYTSHIUS CBS3aHBI COOT-
HOIICHUEM
X>y& X >y, HOHE Y - X,

TO MOCTPOCHHBIC HAa MX OCHOBE IMPaBHJIa BHIOOPA COBMAIYT, TO €CTh 00JACTh ONpeee-
Hus A y HUX OyZIeT OMHAKOBOW U

C(4)=C(A)V Ae A

12. IlycTh MHOXECTBO abTEpHATUB X KOHEYHO, OINpPECICHHOEC Ha HEM OTHOIIECHUE
MPEIIOYTEHUS > aHTUCUMMETPUYHO U OTPHUIATEIbHO TPAH3UTHUBHO, a pyHkuus C(.) co-
MOCTaBIISIET KaXJIOMY HEMYCTOMY MOJMHOXECTBY A MHOKecTBa X COBOKYIHOCTb €r0
HAWJIY4YLINX IO > JIEMEHTOB

(C.(A) = (x€ A | He cymiecTBYeT y € A, TAKOH, YTO p > X).

IToxaxwuTe, 9TO

(1) nns Besikoro 4 maoxkecTBO C.(4) He mycTo, a pyHkuus C.(A4) yaoBIETBOPSET aKCHO-
M€ BBISIBJIEHHBIX MIPEANOYTEHN XayTeKKepa;

(2) eciu C(4) < A — npousBosibHAs (YHKIIMS BBIOOpA, COMOCTABIISAIONIAS KAXJIOMY He-
MyCTOMY MOJIMHOXKECTBY A HEMYCTOE€ MOAMHOMXECTBO €r0 AJIEMEHTOB U YAOBJIETBOPSIO-
niast akcuome BbiOopa XayTekkepa, TO CyIIECTBYET aHTUCHMMETPUYHOE U OTPULIATEIIBEHO
TPaH3UTUBHOE OTHOLICHHUE NMPEANOYTEHUS >, TAKOE YTO

C(4) = C. (A).

1.3. [lpedcmaeneHue npednoymeHull ¢pyHKyuel nosesHocmu

MpbI ToKa3ad MpH JOCTaTOYHO €CTECTBEHHBIX MPEIINOJI0KCHUIX IKBUBAJICHTHOCTH
TPEX IMOJXO0J0B K OTIMCAHUIO MPEANIOYTECHHIH yIaCTHUKOB!
+¢ [lepBoHAYATLHO 33JJAHO HECTPOTOE OTHOIICHUE MPEITOYTCHHUS;
+¢ [lepBoHAYATLHO 33JJAHO CTPOTOE OTHOIICHUE TIPEATIOYTCHHS,



+ [lepBoHauanbHO 3a7aHa QyHKIUS BRIOOPA yYacTHHKA Ha MHOXECTBE CHTYaIlMi BBIOO-
pa.

Hazee Mbl OyJIeM CTPOUTH CBOU PACCYKICHUS, O€psl 32 OCHOBY HECTPOIO€ OTHOIIEHHE
NPEANOYTEHUS, HO CIEeIyeT OTMETHTb, YTO HIKETPUBEACHHBIC DPACCYXKICHHS MOXKHO
NEpeHeCTH Ha CiIydail AByX JIpYrux MoxoioB. B aToMm pasnene Mbl pacCMOTPUM YCIOBUS,
IpU KOTOPBIX HA OCHOBAHWHU HECTPOT'Or'0 OTHOIICHUS MOKHO TMOJIYYUTh YUCIOBOM MHIIHU-
KaTop MOJIE3HOCTH ((PYHKIUIO MOJIE3HOCTH) C HEKOTOPHIMU Harepesl 3alaHHbIMU CBOMCT-
BaMH.

Y 106H0 (0COOEHHO B MPUIIOKEHUAX TEOPHH) UMETh JIEJIO C CUTYallUsIMH, KOTAa Mpeji-
MOYTEHHUSI TTOTPEOUTENS ONMHUCHIBAIOTCS (DYHKIMEH MOJIE3HOCTU. MBI BCloy Oynem mpen-
noJjaraTh, YTo 00JacTh 3HaYeHUsT (PYHKIIMU MOJIE3HOCTH — 3TO JeHCTBUTENbHAS TpsAMasi,
T.€. JaHHas (QYHKIUS SIBJISIETCS BELIECTBEHHO3HAYHOM.

Onpenenenne 12.
Byznem HaseBath u(.): X—R (OYHKUMEN MOSIE3HOCTU notpebuTens, cOOTBETCT-
BYIOIIIE HECTPOrOMY OTHOIICHUIO MPEANOYTEHHS >, €CIU IS BCAKOM Maphl albTepHA-

THUB X, Y € X X >y BEpHO TOTJa M TOJIBKO TOT/Ia, Koraa u(x) = u(y), T.e.

x>y < u(x)=>uy).

Kakue cpoiicTBa mpenmnodyreHuil (M MHOXXECTBA aJIbTEPHATHB, HAa KOTOPHIX 3a7aHBbI
MPEOYTEHNs ) TapaHTUPYIOT CYHIECTBOBaHUE (DYHKIUH MOJIE3HOCTU?

Crnenytomiee yTBep:K/I€HHUE OMUCHIBAET HEOOXOIMMOE YCIOBHE CYLIECTBOBAHUS (PYHK-
IIUU TIOJIE3HOCTH.

YT1Bep:kaenue 9.

Ecnmu ¢GyHKIMS MONE3HOCTH CYNIECTBYET, TO HECTPOTO€ OTHOIICHUE MPEAIOYTECHUS
SIBIISICTCS

(1) momHBIM,

(2) TpaH3UTHUBHBIM.

Hoxazamenvcmeo:
(1) Jnst mro60¥ mapsl albTEpHATUB X, ¥ € X BBITMIOJIHACTCS 1O KpaifHEH Mepe OJHO U3

HEpaBeHCTB u(x) = u(y) u u(y) > u(x). llosromy nmudo x >y, mubo y > Xx.

(2) lyctb n1st x, y, € X BBINOJHSIOTCS COOTHOILICHUS X >y U y > . [lo onpenenenuto
(GYHKIIMA TOJE3HOCTH 3TO O3Ha4aeT, 4To u(x) = u(y) > u(z). U3 u(x) > u(z) cnemyet, 4to
X -2z

]

OtmeTHM, 4TO KOrJla MHOKECTBa aJlbTEPHATHUB HE OoJiee YeM CUeTHOE, YCIOBHUS IMOJI-
HOTBHI U TPAH3UTUBHOCTH SIBJIAIOTCS U JOCTAaTOYHBIMU JIJISl CYILIECTBOBaHUS (PYHKLUU MO-
JIe3HOCTH. MHOXECTBO aJIbTEPHATUB OYAET CUETHBIM, HAIIPUMEp, KOT/1a TOBAPHI MOTPEO-
JISIFOTCS TOJIBKO B II€JIBIX KOJTHYECTBAX.




Yr1Bepaxnenue 10.
Ecan MHOXecTBO AJIBTCPHATUB CYCTHO, TO JIA 10000 IMOJIHOI0 U TPAH3UTUBHOI'O
HECTPOT'Or'0 OTHOLICHUS MPEANOYTEHHUS CYIIECTBYET (DYHKIIUS TOJIE3HOCTH.

oxkazamenvcmeo:
IIycTh MHOKECTBO aJIbTEPHATUB CUETHO. Torga ero MoXHO MPEICTaBUTh B BUAEC I10-
CIIEZIOBATEILHOCTH albTepHATUB X', =1, 2, ... . JIOKa3aTeabCTBO YTBEPKICHUS CTPOUTCSE

B BUJIC aJITOPUTMA.
IIycTs MBI y’K€ IPUCBOWIH BEIUYHMHY IIOJE3HOCTU IEPBBIM N albTEpHATUBAM U3 JaH-
HOM Tocie1oBaTeabHOCTH. TpedyeTcss MPUCBOUTH BEIMYHHY HOJE3HOCTH AlbTEPHATHBE

N+1 N 1 N
x . PaccMoTpuM aBa mogmMHOXKeCTBa MHOXKeCTBa A~ = {X',..., X }:
N N N+1 N N, N+l
Ar={xed |x>x } nu A ={xed’|x >x}.
— o N — N
O003HaYMM X TaKOH JIE€MEHT MHOXKeCTBa A, UTo X = X V x€ A.. B cny4ae HeequHCT-
BEHHOCTH TAaKOTO 3JIeMEHTa OepeM Jiro00i u3 HuX. Tak ke TOYHO 0003HAYMM X TaKOM

N ~ N —
3JIEMEHT MHOXeECTBa A_, 4yTo X > X Vxe A_. CymiectBoBaHue X (IIpU HEILyCTOM MHOXECT-

N. ~ N.
Be A.) 1 X (IIpU HEIYCTOM MHOXECTBE A_) ClelyeT U3 MOJHOTHl U TPAH3UTUBHOCTH OT-
HolleHus >. Jloka3zaTelbCTBO 3TOTO OCTABJISETCS B KAUECTBE YIPAXKHEHUS.
Bo3MoxHbI 4 citydasi:

¢ A =@. Torna MoxkHO B3ATH u(xNH) =u(x)+ 1.

¢ A" =@. Torna MOXHO B3ATH u(xNH) =u(x) - 1.

o 4 N A" =D. Torna MoxHO B3TE u(xNﬂ) = (u(x) + u(x))/2.

o AN A" 2. B orom ciydae 6epem u(xNH) = u(x), TIe X — MPOU3BOJBHBIN AIEMEHT

muoxecTBa A N A" (110 mOCTpOeHMIO BCe HmeMeHTsI MHOXKeCTBa A- () A nMeroT onHy U
Ty %€ MOJIE3HOCTB).

YToGbI 3aKOHIHTE anroput™, moxoxkuM A' = {x'} u u(x') = 0. 3amernm, uto mpu Ta-
KOM ITOCTPOCHUH (PYHKIUH MTOJIE3HOCTH CBOUCTBO

x>y & u(x)=>u(y)

BBIIONHEHO V X,y € A" npu moGom N. TT03TOMy HOCTPOCHHAs TAKKM 06Pa3oM (yHKIHS
u(.) AEUCTBUTENBHO ABJIsIETCS (PYHKLUEH MOJIE3HOCTH.

|

Ecau xe MHOXECTBO AJIBTCPHATUB HEC SABJSACTCA CUCTHBIM, TO YTBCPIKJICHUC B 06].].[6M
CJIydya€ HCBCPHO, UTO IMOKA3bIBACT, HAIPUMEP, HECTPOro€ OTHOUICHUC NMPCAINIOYTCHHA HA

OCHOBE JICKCUKOTPA(PUIECKOTO YIOPSI0UCHHUS MOTPEOUTENBCKUX HAOOPOB U3 R. .
Jlekcukorpadudeckoe yrnopsaodeHne Ha3bIBAaeTCs TaK, MOCKOJIBKY OHO IOJ00HO Ipa-

BUJTY PACIIOJIOKEHHS CJIOB B clioBape. It MpOCTOTHI pACCMOTPUM B Ka4eCTBE MHOXKECTBA

JOMTYCTUMBIX QIIbTEPHATHB MOJOXKHUTEIBHBIH OpPTAaHT JABYMEPHOT'O IPOCTPAHCTBA, T.C.

X=R’. 3apamum OMHapHOE OTHOLIEHHE > ompenensieMoe o MpaBuiLy
Vx,ye X (xx'y)e (00 >y)mm(x1=y, x22)).
Kak HeTpynHO mokasarb, 3TOT OMHapHOE OTHOIIEHHE 00J1a1aeT CBOMCTBAMH MOJHOTHI
U TpaH3uTHBHOCTU. OJHAKO, OHO HE MpPEACTaBISAETCS HUKAKUM YHUCJICHHBIM HHJU-
kaTopoM. Jlokaxkem mociienHee.




[Tpeanonoxum mpotuBHOE. IlycTh cymiecTByeT HekoTopas (YHKUUS MOJE3HOCTH
(mpuHMMArOIIast JeMCTBUTENbHBIC 3HAUEHUS ) TaKasi, YTO

x>y & ur(xr, x2) = ur(yi, y2).

ConocTaBUM KaX10My JEHCTBUTEIBHOMY YHCIY X| HEKOTOPOE PallMOHAIbHOE YHUCIIO
r(X1) Takoe, 4yTo

uL(xi, 2) > r(x1) > ur(x,1).
3aMeTHM, 49TO €CH X| > X', TO IO ONPEICICHHIO JIEKCHKOTPApHISCKOro yIopsiaode-
HUS UMEEM
ur(x1,1) > ur(xy’, 2).
Kpowme Toro,
uL(x1, 2) > r(xn) > un(xi, 1) wou(’, 2) > r(x1”) > ur(e’,1).
B cuity 5THX COOTHOILIEHUN UMEEM
rxr) > u(xr, 1) > ur(xy’, 2) > r(xy’)
U TEM CaMbIM M3 TOTO, YTO X1 > Xx;” IMeeM, 9To #(x1) > r(x;"). B cumy storo 7(.) sBistieTcst
B3aMMOOJHO3HAYHOM (PYyHKIIHEH, 001acTh ONpeieeHns] KOTOPOi — BEIIEeCTBEHHbBIE YHC-
Ja, a 00JacTh 3HaYCHUsI — palMoOHaJIbHbIE (TOYHEe CKa3aTh, HEKOTOPOE MOJMHOKECTBA
MHO’KECTBA pPallMOHAJbHBIX YHUCEI), HO ATO HEBO3MOXHO, TaK KaK HEBO3MOYKHO IIO-
CTPOUTH B3aUMOOJHO3HAYHOE COOTBETCTBUE MEXAY CUETHBIM M HECUETHBIM MHO)KECTBA-
mu. Takum 00pa3oM, MBI OPUILIH K MPOTUBOPEUHUIO, U, TEM CaMbIM JOKa3ald, 4TO HE
CYIIECTBYET (DYHKIIMU IOJIE3HOCTH, COOTBETCTBYIOLICH JIEKCUKOTpapHUUeCKOMY yHOPSI0-
YUBAHUIO.

OtmeTnM, 0OHAKO, YTO BCE-TAKU CYIIECTBYET Psifl CIydyaeB, sl KOTOPBIX MOKHO Ta-
pPaHTUPOBATh CYLIECTBOBAaHHE (DYHKIIMM MOJE3HOCTH B CIydae HECUETHOIO MHOXKECTBA
anprepHaTuB. Hampumep, (GyHKIMS MOJIE3HOCTU CYIIECTBYET, €CIM INPEANOYTeHUS He-
IIPEPHIBHBI.

Onpenenenue 13.
OtHomenne N HaA3BIBACTCS HenpepbIBHbIM, eciu 1715 TI00BIX CXOASIMIUXCS MOCe-
joBaTeNbHOCTER {X,} , {yn}, Takux uto X, R y,, BHIIOIHEHO

X Ry, rae X = lim, X, ure y = lim, o) 5.

HecnoxxHo moka3zaTe, 94To eciii (PyHKITUS MMOJIE3HOCTH U(X) HEeTpephIBHA, TO HECTPOTOE
OTHOIIIEHHE MPEIIOYTECHUS > HempephbiBHO. [leOpe nokaszan u oOpatHoe:

Yr1Bep:kaenue 11.
[TycTh HEeCcTporoe OTHOILIEHUE MPEANOYTEHHS > MOJIHO, TPAH3UTUBHO U HEIPEPHIBHO.
Toraa cyiecTByeT NpeCTaBIAONIas €ro HenpepbiBHAS (YHKIUS TOJIE3HOCTH.

Jloka3aTeIbCTBO 3TOTO Pe3yJNIbTaTa CI0KHO, MTO3TOMY IMPUBOAMM €ro 0e3 JoKa3aTelb-
ctBa. Hke MbI TokakeM Oosiee cimaboe yTBepKacHHE.

PaccMoTpuM Temeph JOMOHUTEIbHBIC KaYeCTBEHHBIC CBOMCTBA, KOTOPBHIMH MOTYT
oOnamare mpeanoureHus. Hambosiee €CTECTBEHHBIM M3 HHUX SIBIISIETCS CBOMCTBO MOHO-




TOHHOCTH, KOTOPO€ TapaHTUPYET HaM, 4TO IOJIE3HOCTb MHAUBUIYyyMa BO3pacTaeT IIpU
pOCTE KOJIMYECTBA NOTPEOIIEMBIX TOBAPOB.

Onpenenenne 14.
OtHomenue npeanourenus spisercss MOHOTOHHbBLIM, eciiu U3 X > y Clenyer X > y.
OtHomenue npeanourenus spiserca CTPOro0 MOHOTOHHbBIM, ecnu U3 x > yux #y
claenyer x > y.

YrBep:xnenue 12.

[TycTe HecTporoe OTHOIIEHHE MPEANOYTEHHUsl >, ONpeleleHHoe Ha X = ]R{i, TIOJIHO,
TPaH3UTUBHO, CTPOI0 MOHOTOHHO M HEIMpepbhIBHO. Toraa CyliecTByeT MpeicTaBlIsAomas
€ro CTPOTro MOHOTOHHAsl HEeNpephIBHASI (PYHKIIKS MTOJIE3HOCTH.

Hokazamenbcmaeo:
B xauecTtBe q)YHKI_[I/II/I ITOJIC3BHOCTHU MOXXHO B34Th COOTBETCTBHUE, KOTOPOC COIIOCTABIIACT

i
KaxJomy xe R: Takoe uncio u(x), 4to
x~u(x) 1,
rine 1 — I-MepHbIii BeKTOp, coCTOAMMIE U3 exuHumIL. [IoKaXkeM, YTO TaKOe YUCIIO u(X)

BCET/Ia CYILECTBYET U €AUHCTBEHHO.
JIJist 3TOTO MBI IOJDKHBI HAUTH IS KaXXA0ro Habopa X SKBUBAJIICHTHBINA eMy HaOOp U3

muoxecta U = {ul | ueR,}, koTOpoe ABISETCS Ty4OM, BBIXOAAIMM U3 HAYaIa KOOPIH-
Hat. COMoCTaBUM paccMaTpuBaeMOMy HaOOpY X MHOXKECTBO YHUCEN #, COOTBETCTBYIOIINX
He XyamuM Habopam u3 U

U'x)={uek. |ul>x}
¥ MHOKECTBO YHCeJl 1, COOTBETCTBYIOIIUX HE JTy4liuM Habopam u3z U
Ux)={ueR: |x=ul}.
OTH MHOXXECTBA HE IMYCThI, TAK KaK M3 CBOWCTBAa CTPOrOM MOHOTOHHOCTH CIIEIIYET,
4TO

0eU (x) m max{x}eU +(x) (MaKCcUMaJIbHBIN AJIEMEHT BEKTOpPA X).

MmuoxectBo U +(x) nexur Boime U (X) MOCKOJIBKY M3 CTPOrOii MOHOTOHHOCTH CIIETy-
er, uto Yuje U (x) u Vupe U +(x) BBIMIOJIHEHO U <1,

OGo3HAYNM U = inf{U +(x)} uu = sup{U (x)}. DTu BeIWYMHBI KOHEUHBI, TAK KaK
muoxectBa U (x) u U +(x) OTpaHUYCHBI CBEPXY M CHU3Y COOTBETCTBEHHO. [10 HempephIB-
HocTH mpeamouternuit u € U (x) u u € U (x). Ipu s1oM u' > u . TIokakeM, 4TO u = u .
ITycTb 910 He Tak. TOrga CYIECTBYeT YHCIIO0 1’ Takoe, 4o u < u’ < u , Tak uto u'¢ U (x)
nu'e U +(x). DTO MPOTUBOPEYUT MOJNHOTE MPEANOYTEHUH, Tak Kak au6o u’ 1 = x, mubo
u'l=<x

IloNydeHHast TOYKA ¥ = u = u  YIOBIETBOpSET TpeGyemoMy ycioBmio X ~ ul u

€/IMHCTBCHHA.
3amanHas TakuM oOpazoM GyHKIHUS u(x) sBiseTcs GyHKIHUEH mone3Hoctu. I[IycTs x|

= x5. Ilo moctpoenmio x; ~ u(x;) 1 u x; ~ u(x;) 1. 3Hauwnr, x; = x, Toraa U TOILKO TO-




raa, koraa u(x;) 1 = u(x;) 1. Ho u3 crporoii monoronnoctu u(x;) 1 = u(x;)1 torma u
TOJBKO TOTJA, Koraa u(x)) = u(x,).

OYHKIUS MOJE3HOCTU U(X) SABISIETCS CTPOro MOHOTOHHOM. IlycTh X1 > Xx; U x| # X».
Torga U3 cTporoii MOHOTOHHOCTH IIPEANOYTEHHUM X = X;. OTcrona cneayer, uro u(x;) 1
= u(x2)1. TlosTomy u(x;) > u(x>).

JlokaxkeM Temepb HEMPEpPHIBHOCTH (DYHKIMU TONE3HOCTH u(x). s mokazaTenbcTBa
HENPEPBIBHOCTU (PYHKIIMHU MOJIE3HOCTH PACCMOTPUM I10CIE0BATENBLHOCTD {X,},-1 TAKYIO,
yro lim, _, .. x, = x. Ham Hamo nokasats, uro lim, _, .. u(x,) = u(x). 3apurcupyem HEKOTO-
poe uncio €> (. 3ameTuM, 4TO MOXKHO BBIOpATh U M U TAaKWe, 4TO JJIS JI0O0r0 BEKTOpa y
U3 €-OKPECTHOCTH TOUKHU X (T.€. ||y — X || < €) BBIIIOTHEHO

ul<y<ul.
Hanpumep, MOXHO B35Th ¥ = ming{Xx} —2€ U u = maxy{xyx} +2¢. Kak Herpyano 3ame-
TUTh, IO CTPOTOl MOHOTOHHOCTH MBI MeeM u < u(y) < u. Jlyis mo0oi cxoasmencs moa-
I0CIIEI0BATENBHOCTH U3 {X,},; HaiifeTcs nocTaTouHo Gonbiioe 4yuciao N, Takoe 4To
npu n > N uMeeM || x, — Xx|| < €, T.e. MOCIeI0BaTEILHOCTh HaunHas ¢ Homepa N+ 1 mo-
MajaeT B €-OKPECTHOCTh TOYKH X. Toraa, Kak Mbl MOKa3alld BBIIIE, U(X,) MTONAAaeT B UH-
TepBan [u ,u].

[Tokaxkem Temepb, YTO JIFOOAS CXOJAMIASICS MOAMOCICIOBATEIBHOCTh M3 TOCIEI0BA-
TENBHOCTH {U(X,)},-y+1 CXOMUTCSA K OJHOMY M TOMY ke umciy u(x). (OTMETHM, 49TO TaK
KaK OECKOHEYHas II0CIEeNOBATENbHOCT {1(X,)},-n+ 3aaHA HAa KOMIIAKTE [u ,ﬁ], TO OHA
JOJ’KHA UMETh TOYKHU CTYIICHUs. MBI XOTUM MOKAa3aTh YTO CYIIECTBYET BCErO OJIHA TOYKA
CTYIIEHUS U 3TO U(x). )

PaccMOTpUM Terepbh HEKOTOPYIO CXOALIYIOCS IOANOCIEN0BATENBHOCTD {U(Xn,)} c1 U3
{u(x,)}-n+1. IlyCTh 5Ta MOCIIENOBATENLHOCT CXOAMTCS K i M IIpU 3ToM i # u(x). Ilpen-
TOJIOKHMM 9TO i > u(x). Bo3bMeM HEKOTOPOE YKCIIO U, TAKOE YTO U > i > u(x). ITo cBOii-
CTBY cTporoit MoHoToHHOCTH UMeeM, uTo # 1 = u(x) 1. Tlockonbky {u(x,,)} e cXoauTes K
il, To cymectByer M Takoe, 4TO Npu k > M BBIIOIHEHO u(X,,) > . Ilo onpeneneHuro
(YHKIMHU TIONE3HOCTH Xy, ~ U(Xn,)1 1, KpoMe TOro, 0 CTPOroit MOHOTOHHOCTH 1(X,,)1 >
ul (W k> M), 1.e. x,, ~ u(x,) 1> 22 1. Tax xax npeanoyTeHns: HENPEPHIBHBI, TO X = 1 1,
Ho x ~ u(x)1, mosromy u(x)1 = u1. Ognako BeImE GbLIO Mokazano, uto # 1 = u(x) 1.
[MTony4nay MpOTHBOpPEUUE U TEM CaMbIM JTOKa3aJld HEMPEPBIBHOCTh MOCTPOSHHON (YHK-
IIUH TTOJIE3HOCTH.

]

Psn HuokenpuBeA€HHBIX CBOMCTB OTHOIICHUH MPEANOYTEHUNA U MPEACTABISIONIUX UX
(GYHKIUNA TOJE3HOCTH HCIIONB3YIOTCS TMPU XapPaKTEPUCTUKE BAKHBIX YACTHBIX CITy4acB
MoOJIeJIel parmOHAIBHOTO TTOBEICHHMS.

BwmecTo cBoiicTBa CTpOroii MOHOTOHHOCTH 4acTO MOKHO MCIIOJIb30BaTh Oosiee ciaboe
CBOVCTBO JIOKAJIbHOW HEHACKHIIAeMOCTH. JIOKaIbHON HEHACKHIIIAEMOCTH OOBIYHO OKAa3bI-



BaeTCs JOCTaTOYHO JJIsl JIOKAa3aTelIbCTBA TE€X CBOMCTB BBIOOpa, KOTOpPbIE CIEAYIOT U3
CTPOr0l MOHOTOHHOCTH IPEIIIOYTCHUMN.

Onpenenenne 15.
[Tpenmourenust Ha3piBaOTCs JIOKASIbHO HEHACbIWAEeMbIMWU, ecnu aiis J1r060T0
JOIYyCTUMOTO Habopa X B MO00I ero OKPECTHOCTH HAWAETCs IPYTroi AOMyCTUMBIA HaOOp

X, TAKOM 4TO X < X.

*
(HOI[ €-OKPECTHOCTHIO TOYKH X MOXHO IIOHHMMAaTh MHOXECTBO TaKUX TOYCK X, YTO

Do — x ) <e T e cdepa paanyca € ¢ EHTPOM B TOUKE x).

AN

Ha pucyHnke 3amTpuxoBaHbl 001acTH, B KOTOPBIX MOTYT OBITH JIydllllie HaOOpbl MpU
JIOKAJIbHOM HEHACHIAEMOCTH U TIPU CTPOTOM MOHOTOHHOCTH MPEATOYTCHUH.

J10BOJIBHO MIpOCTOE MOBEACHHUE MOTPEOUTENS (JIMHEHHOCTh KPUBBIX DHTENIs) MOTy4aeM
B CUTYaIlMH TaK Ha3bIBAEMbIX TOMOTETHYHBIX MTPEANOYTEHUH.

»
»
» >

Jl1s1 ToKambHOM HEHACKIIIIAEMOCTH Jist cTporoit MOHOTOHHOCTH

Pucynoxk 1

Onpenenenne 16.
OtHowenue npeanoyTeHys Ha3piaercss FOMOTETUYHDBIM |, eciiu
(1) ns KaXkA0T0 MOJIOKUTENIBHOTO ¢ X €. X TOTJIa U TOJBKO TOTJa, Korjaa x € X.
(2) ayis KaXA0T0 MONOKUTEIBLHOTO / COOTHOIIICHUE
X >ty
BBITIOJIHSIETCS TOTIA M TOJIBKO TOTJIA, KOT/1a BBITIOJIHIETCSI COOTHOIIICHUE
X >y.

OtmeTuMm, 111 TOMOTETUYHBIX MPEANOYTEHUN CYIIECTBYET OJHOpOAHAs (PyHKIUS MO-
JIE3HOCTH, MPEACTABIAIONIAsA TaKUE MPEANOYTeHUs. Takas XapaKTepUCTHKa MpearnoyTe-
HUH M03BOJISIET NOJy4YaTh CUJIbHBIE PE3YJIbTaThl, Kacalollrecs MOBEACHUs OTpeOuTenei
U COCTOSIHMM paBHOBECHUSI, U aKTUBHO JKCILTyaTUPYETCS B TEOPUU MEXKIYHAPOTHOU TOp-
TOBJIM U B MAKPOAIKOHOMHMKE TP aHAJIM3€ arperupoBaHHOTO CIIpoca.



Crnenyroniee CBOMCTBO, XapaKTEPU3YIOLIEE «PETYISAPHBII Clydail, paccMaTpUBacMblil
B 9KOHOMHYECKOH TEOpHH, BAXHO A ACMOHCTPALUU «XOPOLIMX» CBOMCTB (PYHKIHH
BHIOOpA U JOKA3aTEeNbCTBA CYIIECTBOBAHHS PAaBHOBECHSL.

3nech U Aanee Mbl Oy/ieM MpeAroarath, 4T0 MHOXKECTBO X BBITYKJIO.

Onpenenenne 17.

IIpennoutenus spustorcs BbIMYKNbIMU, ecin V x, ye X:x >y u 0 < o < 1 BbI-
nosiHeHo ox + (1 — o) y > y.

[penmourenus sBustoTcs CTPOrO BbIMYKIMbIMU, eciin V x, ye X: x>y, x#yn 0 <
o, < 1 BeImonHEHO OX + (1 — Q) y > y.

PucyHok 2. [IlpyMep BHIIYKJEIX, HO HEe CTPOI'O BHIIYKJHX IpPennodYTeHMUN

Hamomuum, uro GyHKIMS © (.) — BOTHYTa, €CIIU
uoxt(l-o)y)zou@x)+(1-o)u(p) Vvo<o<l.
W3BecTHO, YTO ABaXAbl HeNpepbIBHO Auddepenunpyemas GyHkuus u (.) BOTHyTa TO-
I7la ¥ TOJBKO TOT/Ia, KOTJa €€ MaTpulla BTOPBIX MPou3BOAHBIX (Marpuua ['ecce) H oTpu-
HaTeNbHO ToyonpeeneHa, T.e. 7 Hz <0 Vz.

Yr1Bepaxnenue 13.

Ecan (1)YHKI_[I/ISI MOJIC3HOCTHU BOTHYTA, TO NPCACTABIACMBIC CHO MTPCANNOYTCHHA BBIITYK-
JIBI.

oxkazamenvcmeo:
[To onpenenenuto BOrHyTOCTH U (.) UMeeM, 94To V x, ye X
ufox+(l1-o)y)zouX)+(l-o)u(y) Vo<a<l,
be3s notepu obmHocTH cuntaeM, uyto X > y. Torga u (X) > u (y), oTkyna
uox+ (1 -o)y)zu(y).
Bocnonp3oBaBmuce onpeaeneHrueM (pyHKINN TOJIE3HOCTH MOITYYUM, YTO
ox+(1-o)y>=y VO<a<l.

OO6patHOe He Bceraa BEepHO. BBIMYKIIOCTh MPEANIOUTEHNH SKBUBAJICHTHA KBAa3UBOTHY-
TOCTH (PYHKIIUU TOJIE3HOCTH.

Hamomuum, uto GyHkmus u (.) — KBa3WBOTHYTA, €CIIH




u(ox+(l-o)y)zmin(u(x),u(p)) Vo<o<l1.

N3BecTHO, 4TO ABaXKIbl HENpepbIBHO nupdepeHuupyemas GyHKIus u (.) KBa3UBOTHY-
Ta TOTJAa W TOJIBKO TOTJa, KOIJa €€ MaTpHila BTOPBIX NMPOU3BOAHBIX H OTpHUIATEIHHO
HOJIyolpeieNieHa Ha runepruiockoct Vu(x)z =0, 1.e.

7 H(x) z <0 must kaxaoro z, Takoro 4ro Vu(x)z = 0.

YT1Bepaxnenue 14.
(DYHKLII/ISI MOJIC3HOCTU KBAa3WBOTHYTA TOTAAa M TOJIBKO TOraa, Korja mpcacTaBJIsICMbBIC
CIO MPCANNOYTCHU S BBIITYKIJIBI.

oxkazamenvcmeo:
[Tokaxkem, YTO M3 KBAa3MBOTHYTOCTU (YHKUUHU IIOJE3HOCTH CIEAYeT BBIMYKIOCTh
NPEJICTABISEMBIX €10 IPEANOYTEHU.
[To onpenenennio KBa3UBOTHYTOCTH u (.) ©UMeeM, uTo V X, y€ X
u(ox+(l—o)y)zmin(u(X), u(y)) Vo<a<l.
be3s nmotepu obmHocTH cuntaeM, uyto X > y. Torga u (X) > u (y), oTkyna
uox+ (1 -o)y)zu(y).
Bocnonp3oBaBuuce onpeaeneHrueM (pyHKINN TOJIE€3HOCTH MOIYYUM, YTO
ox+(1-o)y>=y VO<a<l.

Teneps noxaxem obpatHoe. Cuutaem, yro x > y. Torzna no onpenenaeHUIO BBITYKIO-
CTHU MPEANOYTEHU I
ox+t(l-o)y>=y VO<oa<l.
[To onpenenenno GyHKIIUN MOIE3HOCTH
uox+(1-o)y)zu@)=minuX),u(y)vVo<o<l.
|

[ToMumo BOrHYTOCTH (YHKLIMH, HAM B JaJbHEHIIEM ITOHAOOUTCS MOHITHE CTPOroi BO-
THYTOCTH U CTPOTOi KBa3UBOTHYTOCTH. PYHKIHNA u (.) — CTPOro BOTHYTA, €CIIU

uox+ (1 -y >ouX)+(1-u@)Vo<o<l.

OyHKIUA U (.) — CTPOro KBa3UBOTHYTA, €CIIH
u(oxX+(1-o0)y) >min(u(X), u(y)) Vo<o<l.

OcHoBHas 11e]1b TaHHOTO Taparpada cocTosa B TOM, YTOOBI TOKa3aTh, KAKHE CBOMCT-
Ba MPEANOYTCHUI TapaHTHPYIOT CYIIECTBOBaHUSA (YHKIIMH TMOJIE3HOCTH U YKa3aTh Ha
CBSI3M MEXJY XapaKTEPUCTUKAMU MPEANOYTEHUN U COOTBETCTBYIOIIMMHU UM CBOKWCTBAMHU
MPECTABISIONNX WX (YHKIHHA mone3Hoctd. Ho, kpoMe 3TOro Mbl KOCBEHHO MMOKA3allH,
9T0 (YHKIIHS MOJIE3HOCTH, TPEICTABIISIIOIIAS 3a/IaHHbIC IPEANIOYTCHUS, HE €IMHCTBEHHA.

[Tpu MonenupoBaHWM NPEANOYTEHUN MOTPEOUTENST YacTO pacCMaTPUBAIOTCS JBa
MOAXO0/a: OPAUHATMCTCKUI U KapAUHATUCTCKUN. OpAMHAIIMCTCKUHN MOIXO0/]1 Mpenoiara-

eT, 4TO Bce (PyHKIMH u(.), KOTOPBIC YAOBJICTBOPSIOT CBOUCTBY u(X) = u(y) < X >y DKBH-

BaJICHTHBI TIPU OMTUCAHWH MOBEEHUS oTpeduTens. KapAnHamuCTCKuil ®e moIX01 Mpe-
MoJIaraeT, 4To CpPeld STOT0 CeMeWcTBa (PYHKIMN CYIIECTBYET MOJMHOKECTBO OCOOBIX




byHKIHA, obmamarmux 6onee «rIyOOKUMU» CBOMCTBAMH, B TOM CMEBICIIE, YTO C UX TIO-
MOIIIEI0 MOYKHO U3MEPHUTH «HCTHHHYIO» MOJIE3HOCTh, KOTOPYIO TIOTYYaeT HHIUBUIYYM OT
KaX/10ro u3 HaOopoB Oyar. OTH (YHKUMU TO3BOJIAIOT CPAaBHUBATh MOTPEOUTENBCKUE
HAOOPBI KOJTMYECTBEHHO, YETO HEJNB3s CAENaTh MPHU OPIWHATHCTCKOM IMOAXO0Je, TaK Kak
pa3HUIla BEITWYMHA TIOJIE3HOCTH B TIOCTIEHEM CITydae HE MMEET COJepKATeIIbHON UHTEep-
MpeTamuu.

Tecmbl u 3a0auu 013 cAMOCMOAMETbHOZ0 PEUICHUS

1. Ecnmu MHOXXECTBO albTEpPHATUB KOHEYHO, TO JJIS CYILECTBOBAHUS (PYHKLIUH ITOJIE3HO-
CTH JJOCTATOYHO YTOOBI

¢ TIPEANOYTEHHS YIOBIETBOPSIIN aKCHOME XayTeKKepa

¢ TpeArnoYTeHUs ObLIH MOJIHBI U TPAH3UTHBHBI

¢ TIpeANoYTEHUs ObLIH JEKCUKOTPa(hUIECKH yIOPSAI0UCHBI

2. Jlexcukorpaduueckuil MOpsSAOK HE MOXKET OBITh NMPEACTaBICH (YHKIUEH MOJIE3HOCTH
MOTOMY YTO

4 OH He ABISETCS HENPEPHIBHBIM

¢ OH SBJIIETCS TOJIHBIM

¢ OH YJIOBJIETBOPSET CBOMCTBY MOHOTOHHOCTHU

3. CBoiicTBa (PyHKIUHU TMOJE3HOCTH, KOTOPBIE COXPAHSIOTCA MPHU CTPOTO BO3PACTAIOIIEM
npeoOpa3oBaHNU, HA3BIBAIOTCS

¢ OpAWHAIBHBIMU

¢ KapAMHAJIbHBIMU

¢ He 0003HAYAIOTCS CIIEUATEHBIM TEPMHUHOM

4. CBOMCTBO JIOKaJIbHOW HEHACBIIIAEMOCTH CJIEYET U3 CBOMCTBA
4 MOHOTOHHOCTH

¢ II0JIHOTHI ¥ BBIITYKJIOCTH NMPEATIOYTEHUN

4 CTPOroil MOHOTOHHOCTH

5. Ilycts npearnodYTeHus ABISIOTCS IOJHBIMU, TPAH3UTUBHBIMU U HENIPEPBIBHBIMY,
TOr1a

¢ OTU IIPEATNIOYTEHUS TOMOTETUYHBI

¢ (GyHKIUS TOJE3HOCTH CYLIECTBYET, HENIPEPhIBHA U CyOaJINTHBHA

¢ CYILECTBYET MPEACTABIAIONIAs UX HEMpPepbIBHAS (QYHKIMS MOJIE3HOCTH

6. Kakoe u3 mpeoOpa3oBaHuil GyHKIMH MMOJIE3HOCTH BCEr/la HE MEHSET €€ OpIUHAIHCT-
CKOT'O Xapakrepa
¢ HeyObIBaroIIEe
¢ BO3pacTaroliee
¢ KBa3MBOTHYTOE



7. llpeanodreHus, 3ajaBaeMble MOJIOKUTEILHO OJTHOPOTHON (DYHKIIMEH MMOJIE3HOCTH
¢ BBIITYKJIbl U TOMOTETUYHBI

4 CTPOro MOHOTOHHBI U TOMOTETUYHBI

¢ TOMOTCTHYHBI

. Ecniu mpennoutenus npeactaBuMbl (QyHKIMEH TOJIE3HOCTH, TO OHU
IIOJIHBI U TPAaH3UTHUBHBI

IIOJIHBI, TPAH3UTHUBHBI U BBIITYKIIbI

IIOJIHBI, TPAH3UTHUBHBI U HEIIPEPBIBHBI

® & & ©

9. Kakoe u3 HMXENpUBEIEHHBIX YTBEP)KIEHUN BEPHO

¢ Eciu oTHOIIEHME MTPEANIOYTEHNSI MOHOTOHHO, TO OHO CTPOT'O MOHOTOHHO

¢ Ecin oTHOIIEHHE IPEANIOYTEHUS CTPOTO MOHOTOHHO, TO OHO JIOKAJIbHO HEHACHIIIIAEMO
¢ Eciy oTHOIIEHHE NIPEANIOYTEHUSI MOHOTOHHO, TO OHO JIOKAJIbHO HEHACHILIAEMO

10. Jlekcukorpaduueckoe OTHOMIEHUE TPEATTOYTCHHS

¢ TIPEACTaBUMO AMCKPETHOM, HO HE HENPEPhIBHON (PYHKIMEH MOJIE3HOCTH
¢ o0sazaet CBOWCTBOM HENPEPHIBHOCTH

¢ He MpeICTaBUMO (PYHKIHEH MOJIEe3HOCTH

11. OTHOLIEHNE TPEATIOUYTEHHS PEACTAaBUMO (PYHKIIUEH MOJIE3HOCTH, €CITH OHO
¢ I10JIHO, TPAaH3UTUBHO, HEITPEPHIBHO

4 AIUKINYHO, pe(IIEKCUBHO, TIOJTHO

¢ TI0JHO, HEMPEPBIBHO, Pe(ICKCHUBHO

12. OTHOLIEeHNE TPEANOUTEHUS PEACTaBUMO (PYHKIUEH MTOJIE3HOCTH, €CIH

¢ MHOJKECTBO aJIbTEPHATUB CYETHO, OTHOLLIEHUE MPEATIOYTEHHSI IOJTHO U TPAH3UTHUBHO
¢ MHOJKECTBO aJIbTEPHATUB CYETHO, OTHOLLIEHUE MPEANIOYTEHHS TOJTHO U allUKIMYHO
4 MHO’KECTBO aJIbTEPHATUB KOHEYHO, OTHOIIEHNE IPEANIOYTEHUS TPAH3UTUBHO

13. HenpepbiBHOE, NIOJIHOE, TPAH3UTUBHOE U CTPOTO MOHOTOHHOE OTHOILIEHUE IPEAIOY-
TEHUSI TOMOTETUYHO TOTJIa U TOJIBKO TOrJa, KOraa

4 OHO IPEJICTABUMO KBA3WIMHEHHON (PyHKIMEH MM0JIE3HOCTH

4 OHO TpeCcTaBUMO (PYHKIIMEH TOJIE3HOCTH OJHOPOTHON HYJIEBOU CTEIIEHU

4 OHO TpeCTaBUMO (PYHKIIHMEH TTOJIE3HOCTH OAHOPOTHOM MEPBOM CTEIIEHU

14. Ecnu ¢pyHKIUMS TMOIE3HOCTH MOTPEOUTENISE CTPOTO BOTHYTA, TO
¢ BBINIOJIHACTCS 3aKOH YOBIBaHMS MPEICIIbHON MOJIE3HOCTH

4 OHA MPE/ICTABIACT JIOKAIbHO HEHACHIIAEMbIE TIPEATOYTCHUS
¢ TIpefieTbHBIE TOJIE3HOCTH OPTaHUYEHBI CBEPXY

15. IocTpoiite GyHKIMIO MOIE3HOCTH sl IOJTHOTO M TPAH3UTUBHOTO OTHOIICHUS IpeI-
IIOYTEHMs], 3aJaHHOT0 Ha KOHEYHOM MHOKECTBE aJIbTEPHATHUB.



16. ITokaxwure, 4TO

(1) nexcukorpaduueckoe OTHOIICHUE MPEANOYTEHUSI HA MHOXKECTBE HEOTPUIATEIbHBIX
N-MEPHBIX BEKTOPOB 3a/1a€T AaHTUCUMMETPUYHOE M OTPULIATENIBHO TPAH3UTUBHOE OTHO-
LIEHUE MIPEANIOYTEHNUS,

(2) He cymiecTByeT MpeACTaBISIONIEH ero HeMPePbIBHON (YHKIIUH TTOJIE3HOCTH.

17. T'oBopAT, yTO (GYHKLUS TOIE3HOCTH #(X) TOMOTETHYHA, €CJIM OHA UMEET BHL:
u(x) = g(v(x)),

rae — g(y) (cTporo) Bo3pacraromias, a v(x) — OJHOPOIHAS IEPBOU CTEHCHH (DYHKITHUS.

(a) [Hokaxkute, 4TO (BBIMYKJIbIE, JIOKAIbHO HEHACHIIIAEMbIE) MPEANOYTEHUSI TOMOTE-
TUYHBI TOI/Ia U TOJBKO TOTJA, KOTJa CYLIECTBYET MPEACTABIIAIOMIAs] UX FOMOTETUYHAS
(GYHKIUS TTOJIE3HOCTH.

(6) ITokaxkute, 9TO (BBIMYKJIBIE, JOKAILHO HEHACHIIAEMbIC) MPEANIOYTCHHSI TOMOTE-
THUYHBI TOT/Ia M TOJBKO TOTJIA, KOTJIa CYLIECTBYET MPEACTABIISIOMmAs UX (QYHKIUS M0JIe3-
HOCTH, SIBJISIOIIASACS I1OJIOKUTEIBHO OJHOPOIHOM NIEPBOM CTEIICHHU.

18. Tlokaxkute, YTO U3 CTPOroii MOHOTOHHOCTH INPEANOYTEHUH CIIEIyeT MX JIOKaJIbHas
HEHACBIIAEMOCTb.

19. TokaxwuTte, 4To ecinu (PYHKIMS TMOJIE3HOCTH u(X) HEMPEphIBHA, TO HECTPOTOe OTHO-
[IEHHUE MPEANOYTEHUS > HETIPEPHIBHO.

20. TTokaxkute, 4TO (YHKIHS TMOJIE3HOCTH MOHOTOHHA TOTJIa M TOJIBKO TOTAA, KOT/a
MPEJCTABISIEMBIE €10 OTHOLIEHHUSI MOHOTOHHBI.

21. Ilyctb X cOCTOUT U3 n-MEPHBIX BEKTOPOB (C HEOTPULIATEIbHBIMU KOMIIOHEHTaMH), a
OTHOILIEHHE 33JaHO CIEAYIOUIMM 00pa3oM: X > y, €Clii BCe KOMIIOHEHTHI BEKTOpa X
(cTporo) GoJble COOTBETCTBYIOIIMX KOMIIOHEHT BekTopa y. CymiecTByeT U (DyHKIIHS
MI0JIE3HOCTH, MPEACTABIIAIONIAS 3TO IPEANIOUTEHUE?

22. Ilokaxkute, 4TO OTHOLLIEHHUE NMPEATIOYTEHHS], 331aBAEMBbIE ITOJI0KHUTEIBHO OAHOPO-
HOW (TIepBo#i cTerneHu) GyHKIHUEH MOIe3HOCTH, TOMOTETHYHO.

23. IlpuBenuTe nmpuUMep BBITYKJIBIX JOKAJIbHO HEHACBHIIAEMBIX IPEANOUYTEHUIN, KOTOPbIE
He 0071a/1a10T CBOMCTBOM MOHOTOHHOCTH.

24. IlpuBeauTte NpUMeEp BBITYKIIBIX, MOHOTOHHBIX IIPEAIIOYTEHUMN, KOTOPBIE HE SIBIISIOTCS
JIOKaJIbHO HEHACHIIAEMBIMH.

25. Ilokaxkute, 4TO CTPOTO BHIMYKJIbIE MOHOTOHHBIE MPEANOYTEHUS JIOKAJbHO HEHACHI-
IIAEMBI.

26. Ilokaxwure, 4TO eciu (PyHKIHS MOJIE3HOCTH CTPOTO BOTHYTA, TO MPEACTABISIEMbIE €10
IIPEATIOYTEHUS CTPOTO BBIIYKIIBL.



27. OyHKUMS TOJIE3HOCTH CTPOrO KBAa3UBOTHYTA TOTAA U TOJBKO TOrAA, KOr/Aa MpeAcTaB-
JIIEMBIE €10 MPEAIIOYTEHUS CTPOTO BBITYKJIBI.

1.4. 3adaya nompebumensi. Xapakmepucmuku nompebumesibCKo20
eblbopa

['oBopst HecTporo, moTpeduTeNb BCerna BbIOMpaeT M3 MHOKECTBA JOCTYIHBIX €My
aNbTepHATHB HAWIY4YILIyIO (OAHY M3 Hawilydmux). JloCTyrHbIe albTepHATHBBI B TEOPUU
NMOTpeOJEHUsT — 3TO JOCTYITHBIE MOTPEOUTEIhCKHE HAOOPHI, T.e. HaOOPHI, yIOBIETBO-
pAIOIIME IBYM THIIAM OorpaHudeHuil. Bo-mepBrIx, 3T0 Bee “usnueckne” orpaHMUeHUs HA
BBIOOp TOTpeOuTens (0OH HE MOXKET paboTaTh Oojiee 24 4acoB B CyTKH, MOTPEOIATH Ka-
KOe-TO OJlaro B OTPHUIIATEIBHBIX KOJIMYECTBaX M T.JI.); BCE MOTPEOUTETHCKHE HAOOPHI,
YIIOBJIETBOPSIOIINE STUM OTPAHUUYEHUSM, T.€. HAOOPHI, KOTOPBIE JOCTYITHBI TOTPEOUTEIIO
0e3 yueTa BCEBO3MOXKHBIX MHCTUTYIIMOHAIBLHBIX OFPaHUYEHHM, Oy/ieM Ha3bIBaTh MHOKeE-
CTBOM JIOIYCTUMBIX aJbTepHATUB (OTPEOUTEIHCKUX HAOOPOB) M 0003HAUATH €T0 Yepes
X. B nanbHeiimeM, eciii He OTOBOPEHO 0c000, B KauecTBe X paccMaTpUBACTCSI MHOXKECT-
Bo R.

Bo-BTOpBIX, 3TO BCEBO3MOKHBIE THITHI HHCTUTYIIMOHAIBHBIX OorpaHnnyeHuii. Hanbomnee
TIPOCTO# THI OrpaHUYEHHil 3TOr0 THIIA — 9TO TaK HasbiBeMoe OHOPKETHOE OrpaHu-

YEeHWE BasibpacoBCKOro TUNa — TpeOOBaHUE OTPAHUYUTH CTOUMOCTh MOTPEOUTENBCKOI
KOp3UHBI (DUKCHPOBAHHOU CyMMOH neHer (OromkeToM). MHOXECTBO MOTPEOUTENHCKUX
Ha0OPOB, YAOBIETBOPSIOMIUX TOMY OTPAaHUYCHHIO, Ha3bIBAIOT OlOAKETHBIM MHO-
YK€CTBOM. Takum o6pa3oM, eciii p — BEKTOp LIEH paccMaTpuBaeMbIX Omar, a R — 1o-
XO/J] TOTPEOUTEISL, TO ero 0I0KETHOE MHOXKECTBO UMEET CIICAYIOIINN BUIL:

B(p, R) = {xe X | px < R}.

Taxkum 06pazom, eciy TOTPeOUTENh CTATKUBACTCS JIMIIb ¢ OI0/PKETHBIM OTPaHUYCHHU-
€M, TO €ro BhIOOp — HAMIYYIIUi MOTPEOUTENbCKUN HA0Op U3 OIOIKETHOTO MHOXKECTBA
B(p, R). Ilo BBeneHHOMY paHee ONpeAeNeHHI0 OoKEeTHOe MHOXKecTBO B(p, R) mpen-
CTaBIsieT OO0 YacTHBIN Clty4ail cumyayuu evloopa.

C yueToM BBIIIECKa3aHHOTO, B CIIyyae, KOT/ia MPeINoYTeHUs 3a1al0Tcsl GyHKIUEH mo-
JI€3HOCTH, BBIOOpP PALMOHATIBHOTO MOTPEOUTENS JOJKEH OBITh PELICHHUEM CIlIeAyroIei

3ala4 MaTCMaTUYICCKOT O ITPOrpaMMHUpPOBaHUA (3az[aq1/1 MaKCHUMH3alluHn HOHQBHOCTI/I)Z

3agauya 1 (Bagava noTpeburens)

u(x) - max
PX<R, (1-1)
x > 0. (1-2)

CootHomienue (1-2) BbAENAET MHOKECTBO JOMYCTUMBIX albTEPHATHB, & COOTHOIIIE-
aue (1-1), — OromxeTHOE OrpaHHuYEHUE, — BBIACIAET, COBMECTHO ¢ (1-2), OromKeTHOe
MHO>KECTBO MOTPEOUTENS.

[Tpy MOMOKUTENBHBIX IIEHAaX, HEOTPHUIATEIHHOM J1I0X0/I€ U HEMPEPBIBHBIX MPEAIOUTE-
HUSAX ((DYHKUIMU TOJE3HOCTH) PELICHHE 3aJjaud CYIIECTBYET, 4TO JIETKO IMOKa3aTh, HC-
NOJIb3ys. COOTBETCTBYIOIIYIO TeopeMy Beiiepmitpacca. CooTBeTcTBUE MEXIy OIOJKET-



HBIM MHOXECTBOM B(p, R) 1 MHOXECTBOM PELICHUH 3a/1a4 TOTPEOUTENS MPECTaBIsACT
co00i1 To, 4TO BBIIIE HA3BIBAIOCH npasuiom 6vibopa. CTporas BBITYKJIOCTb IpEANOYTe-
HUI rapaHTHpyeT €IMHCTBEHHOCTh DELICHHS; B ATOM Cllyyae IpaBHJIO BHIOOpa €CTb
¢dyHKIMSA cripoca.

Onpenenenne 18. Ilycts pemenne 3agaun 1 cymecTByeT M €IMHCTBEHHO I BCEX
3HAYEHU MapaMeTpPOB — MOJIOKHUTENBHBIX IIeHaxX p U aoxoae R. Torma onpenenena cie-
nyromasi GyHKIMs, KOTOpask CTaBUT B COOTBETCTBUE KaXXIOMY HabOpy ILIEH M JT0XO/0B
pellleHne 3aauu MpU 3TUX MapaMeTpax — BEKTOp X(p, R). bynem Ha3bIBaTh ee beHK-
umen cripoca Mapluanna. Ecnu pemenue 3a1aun Opud HEKOTOPHIX 3HAYEHUSAX Ma-
paMeTpoB He €MHCTBEHHO, TO TOBOPAT 00 OTO6pa>KeHI/IVI cripoca MapLuanna.

B nanpueliniem Oynem npezmnoarath, €Ciii He OrOBOPEHO MPOTUBHOE, YTO
¢ MapIIaJUIMaHCKUH CTIpoC sIBIsieTcs PYHKLIMEH U ONpeesieH IS BCeX MOJIOKUTEIbHBIX
LIEH U JI0XO/0B;
¢ pelleHue BHyTpeHHee: X(p, I_Q) > 0;
¢ MpEANoYTeHHs JOKaJIbHO HEeHAChIIaeMbl (I03TOMY pellleHue JIKUT Ha TpaHule 01o/-
’KETHOTO MHO>KECTBA, T.€. BBIMIOJIHAETCS 3aKOH Banbpaca).

YrBepxknenue 15 (cBoiicTBa MapIIAIJIMAHCKOTO cripoca x(p, R)) .
1. Otro6paxkenue x(p, R) 0OTHOPOIHO HYJICBOU CTETICHH, T. €.
x(Ap, AR) = x(p, R).

(Ecnu meHsI ¥ JOXOBI U3MEHSATCS B OJJHO M TO K€ YKCIIO Pa3, TO CIIPOC HE M3MCHHUT-
csl.)

2. Ecnu npeamouTenust moTpeOUuTenst BEITYKIIBI, TO X(p, R) — BBITYKIIO€ MHOKECTBO.

3. Ecnu npeanouTeHus moTpeOUTENs JTOKAITHHO HEHACKIIAeMBbI, TO X(p, R) yA0BIETBO-
pseT 3akoHy Bambpaca, T.e. eciu Xex(p, R), To px= R. (bro/pkeTHOE OrpaHHUYCHUE BbI-
MIOJTHSIETCS] KaK paBEHCTBO. )

4. Ecnv peAnoyYTeHus MOTPEOUTEIsE CTPOTO BBIMYKIIBI, TO X(p, R) — QyHKIHS.

5. Ecnu mpeanmodrenust moTpeOUTENsl HEMPEPHIBHBI U CTPOTO BBIMYKJIIBI, TO X(p, R) —
HernpepbIBHAS QYHKITHSA.

Hoxazamenscmeo:

(1) ns mokas3atenabCTBa OJHOPOMHOCTH CIPOCA MO IIEHaM U JO0XOAY OTMETHM, YTO
MHOXECTBO, Ha KOTOPOM MOTPEOUTENb UIIET JIYUIIHii HA0Op HE MEHSETCsI IPU OJIHOBpE-
MEHHOM YMHOXKCHHUH II€H U JIOXOJ0B Ha HEKOTOPYIO MOJOXKHUTEIbHYIO BENHUHHY A > 0,
Te. {xe R |p)x<(AR)}={xe R | px<R}

(2) Iycth mpeAmoyTeHUss WHIUBHIYYMa BBIMYKIBI, X(p,R) He mycto u X', X’ — 1Ba
3JIeMEeHTa U3 MHOXecTBa X(p, R), T.e. X', x”" € x(p, R). PaccMoTpuM HOTPeOUTENBCKHI
Habop X = o0 x” + (1 — o) x” (0<0<1). Tak xak x’, X" € x(p, R), TO MO0 ONPEICICHHIO
¢Gyskuun nonesHoctu x” ~x”. Tlo onpeaeseH o BBIIYKIOCTH OPeAnouTeHui X =X~ x”.

Kpome Toro Habop X siBIIsSIeTCSl TOMYCTUMBIM B 3ajaye notpedurensd. B cuimy 3toro X €
x(p,R). TeM cambIM NOJTyYMJIM BBITYKJIOCTh MHOXKECTBA X(P,R).




(3) IIyctp X — pemieHue 3aaa4u noTpeOuTENs, U 3aKOH Banbpaca He BBHINIOJHEH, T.€.
px <R. Torma mo cBOHCTBY JOKAJIbHON HEHACKHIIAEMOCTH B JTFOOOH OKPECTHOCTH TOYKHU X
JIOJDKEH CYIIECTBOBAThH HAbOp X, Takoii, uto X > X. Ecnu BBIOpaTh JH0OCTaTOYHO MAITYIO
OKPECTHOCTH, TO X OYIET YIOBIECTBOPSTH OFOPKETHOMY OrpaHHYEHHUIO (pX < R), 9TO TpO-
TUBOPEYUT ONTHUMAIBLHOCTH HAbOpa X.

(4) IycTh TpeanoYTeHUS] HHAUBUIYYyMa CTPOTO BBIMYKIIBI U X', X" — J1Ba pa3in4HbIX
3JIeMeHTa U3 MHOXecTBa X(p, R), T.e. X', X" € x(p, R). PaccMoTpuM HOTPeOUTENBCKHI
Habop X = ox’ + (1 — o) x” (0<a<1). Tak kak x’, X" € x(p, R), To X’ ~x”. Ilo onpenene-
HHIO CTPOTOM BBIMYKJIOCTH MPEANOYTeHUI uMeeM, 9to X > X’ ~ x”’. Kpome Toro Habop X
JIOITYCTUM B 33ja4ye norpedutens. B cuiy 3Tux cBOWCTB mosyyaem, 4To Habop X JoImyc-
THM H, Jydiie HabopoB X" ¥ X/, @ 3TO MPOTHBOPEYUT MX ONTUMAILHOCTH. [Io3TOMY pe-
[ICHHE €UHCTBEHHO, TO eCTh X(p, R) — (ogHo3HauHas) ¢pyHkus. (OTMeTUM emie pas,
YTO CYLIECTBOBAHHE CJIEAYET U3 HEMPEPHIBHOCTH (DYHKIIMH MOJIE3HOCTH).

(5) Jokaxxem HempepbIBHOCTh (PyHKIMH cripoca. PaccMoTpuM MocienoBaTeIbHOCTb
{Pn, Ru}voi— {p, R}, tne (p, R)> 0, u mocnenoBaTeabHOCTb {X,},~; PEIIEHUH 3a1aun
NIOTPEOUTENS TIPH 1IEHAX P, ¥ J0X0Aax R, (T.€. X, = X(p,, R,)), TaKyIo 4TO {X,},-1—> X.

[TOCKOIBKY p,, X, <R,, TO Hepexo/s K mpeJiely TIpH 71 — oo, TIOJNydaeM, 4To pX <R.

Ham HyXHO moka3zatb, 4TO X = X(p, R), T.e. X ABIAETCSA ONTUMAIHHBIM BBEIOOPOM TI0-
Tpebutens npu leHax p u noxone R. [IpeamnonoxumM, 4To 9TO He TaK, U CYIIECTBYET Ta-
KOi Habop X, 4TO

u(x)>u(X)u px<R.

Tak KaKk JOXO[ MOJIOKUTENIEH, TO CYIIECTBYET MOTPEOUTENbCKUN HAa0Op X TakoH, YTO
u(X) > u(x) u pxX <R. (Ecmu X > 0 u x20, To MOKXHO 1o00paTh € >0, Tak uto X—€ € R
L. o HETPEPBIBHOCTH (DYHKIMH MOJIE3HOCTH HAWIETCS JOCTATOYHO Majasi BEJIHMYUHA €,
Takas 9To u(X — €) > u(x). TemM caMbIM MbI HAIIUIK X = X — €, TaKO# 410 u(X) > u(X) u pX <
R. Ecnim ke X = 0, To aHATOTMYHBIM 00pa3oM Haifnercss €>#0, Takoe 4to X = X +
€, MAIbHEHIINE pacCYKICHHUS IJIsl 3TOTO CITydasi COBEPIICHHO aHATIOTUYHBI.)

Jlaytee, HalieTcss 1OCTaTOYHO 0OJIbIIOE N Takoe, 9YTO MPH #>N BBIOIHEHO p, X < R,.
[TycTh 3TO HE Tak, T.e. CYIIECTBYET TaKas BO3pacTarolas OeCKOHEeUHas IMOCIIeA0BaTelb-
HOCTh HATYPAJIbHBIX YHUCEI My, UTO P, X = R,, Vk. Torna, mepeias k mpeneiy, Mbl TOJTY-
qpam 66l pX > R, 4TO MPOTHBOPEUMT BHIOOPY X.

JJist KaXKIoro 1, TaKOTO 4TO p,X < R, B CHIIy ONITUMAIBHOCTH X, MBI JIOJDKHBI HMETh
u(x,) > u(x). Tak kak QyHKIUS MOJIE3HOCTH HEMPEPHIBHA, TO, MEPEXO/Is K Mpeaeny, Imo-
aydaeM u(x) = u(X). TeM caMbIM MBI IPUIILTH K TPOTUBOPEYHUIO. ITO O3HAYACT, YTO HAOOP
X ONTHMAaNeH MpH IeHax p U goxoze R, T.e. X = x(p, R). Takum o6pa3om, IoKka3aHa He-
MPEPBIBHOCTH (DyHKIHH cripoca x( p,R) 1o 1ieHaM U JOXO0.y.

3ameuanue. B oOmem ciaydae MOXKHO IMOKa3aTh, YTO OTOOpa)KCHHWE CIIPOCa HMEET
3aMKHYTHIA TpaduK, HCIONB3Ys, C HE3HAUYUTEIHbHBIMH W3MEHEHHSMHU IPEITI0KCHHYIO
CXeMy J0Ka3aTenbCTBa.

]



OfHUM W3 KITIOYEBBIX TMOHATHA TEOPHH MOTPEOUTENsl SBISCTCS MOHATHE HEMPSIMOM
¢yHKIMY moe3HOCTH. Hike MBI 1aeM ero orpeaesieH!sl 1 OCHOBHBIE CBOMCTBA.

Onpenenenne 19. Henpsamaa oyHKUNA NONE3HOCTU v(p, R) = u(x(p, R)) ecTb
3Ha4YeHue 1eneBoi GpyHkuuu 3agauu 1 npu 1eHax p ¥ 1oxoe R B TOUKEe ONTUMYyMa.

YrBep:xknenue 16 (cBoiicTBa HenpsiMoii GyHKIMU 1M0JIe3HOCTH V( p, R))

[Tycth mpeamouTeHuss MOTPEOUTENsT MPEACTABISIOTCS HEMPEPHIBHON (YHKIIMEH TI0-
ne3Hoctu u(x). Torma

1) v(p, R ) ogHopoaHa HyieBoit crenenn: V(A p, AR) = v(p, R).

2) v(.) e yosIBaet mo goxoay (V(p, R") = v(p, R) npu R ">R), npuyeM CTPOro Bo3pac-
TaeT MO JOXOJY, €CIIM MPEANOYTEHHUs JIOKAIbHO HeHachimaemsl (V(p, R”) > v(p, R) npu
R">R).

3) v(.) He Bo3pacraeT mo nenam (vV(p, R) < v(p’, R) pu p > p’).

4) ®yukmus V(p, R) HenpepbIBHA HA MHOXKECTBE CTPOTO TOJIOKHUTEIBHBIX IIEH U HEOT-
pHIIATENBHBIX OXOIOB, T. €. 1pu (p, R) € R\ XR..

5) ®ynkuus v(p, R) KBa3uBBIIYKJIA.

oxkazamenvcmeo:

(1) OnHOpOIHOCTE HYJEBOW CTEMEHM CIEAYET U3 OINpECIICHUS HEenpsAMOM (yHKIUU
MIOJIE3HOCTH U OJTHOPOJHOCTH HYJIEBOHM creneHu QyHKuuu cmpoca x(p, R) (cMm. YTBep-
)kaenue 15).

(2) Iokaxem, uto V(p, R) He yObIBaeT mo R. PaccmoTpum HempsMyro (YHKIUIO TO-
JIG3HOCTH TIPH JIBYX Pa3HbIX YPOBHsX noxoma R’ u R, takux uto R">R. TIoCKONbKY mpu

1
R’>R 6roxeTHOE MHOXKECTBO {X € R | px < R’} comepKuT OI0PKETHOE MHOXKECTBO {X

e R. | px < R }, a HenpsaAMas (pyHKIMS TOJE3HOCTH IO ONPEACICHUIO €CTh MaKCHUMYyM
(GYHKIMHU TTOJIE3HOCTH Ha OI0KETHOM MHOECTBE, TO V(p, R”) = v(p, R).

[Tpenronokum, 94To MPEAMOYTECHHS JTIOKATbHO HeHachImaeMbl. Eciu Ob1 ipu R ">R MbI
umenu V(p, R’) = v(p, R), To Habops! u3 x(p, R) npunaanexamu 0b1 x(p, R’), HO U1 HUX
HE BBINOJHsUICS OBl 3aKOH Banbpaca. 3HaYHT, JOKHO BBIIOIHATHCS CTPOTOE HEPABEHCT-
BO V(p, R’) > v(p, R), T.c. IpHU JIOKAIbHOW HEHACHIIAEMOCTH HempsiMast (PyHKIHS MOJIe3-
HOCTH BO3pacTaeT 0 JOXOAY.

(3) doka3arenbcTBO HEBO3pACTaHUS HEMPsAMOW (YHKIMHU TOJE3HOCTH V(p, R) 1o 11e-
HaM p MOXHO IIPOBECTH 110 TOH ke CXeMe. 3aMETUM, YTO IIPU JIOKAIbHON HEHACBIIAEMO-
CTH NPEANOYTEHHH, ecid p > p’, 10 V(p, R)<v(p’, R).

(4) HenpepbIBHOCTH CIEAYET U3 ONpEAeNeHUs HePSMOU (DYHKITUH MOJIE3HOCTH U He-
npepbIBHOCTH GYHKUIUHU X(p, R), KOTOPYIO MBI JIOKa3aldu B YTBEpXkAeHUU 15 B mpenrno-
JIOKEHUU CTPOTOM BBIMYKJIOCTH MpeanouTeHuid. Jloka3aTesbCcTBO B 00ILEM Cllydae OCTaB-
JISIEM YUTATEIIO.

(5) MBI XOTUM T10Ka3aTh, 4TO

V(O(.pl + (1 — O(.)pz, oR; + (1 — (X)Rz) < max {V(pl, R]), V(pz, Rz)}

[Tycts x — pemenne 3agaun 1 mpu nenax p = op; + (1 —o)p, u poxone R = aR; + (1

— )Ry,




CHauana JJoKa)xeM, 4To X — JOIYCTUMOE pelleHre 3aaauu 1 mpu LneHax p; 1 A0Xoje
Ry, mubo mipu neHax p; u noxoxae R.

[TycTh X HE SIBISIETCS TOMYCTHUMBIM pelieHueM 3a1aun | HU Mpu [eHe p; U 10X0Ae R,
HU IIPH LIEHE pr U Aoxoae R,. Torma pix > Ry v pox > Ro.

Orcrona cnenyet, yto op; x + (1 — a)pox > oR; + (1 — 0)R,, 4TO IPOTUBOPEUUT TOMY,
4TO X — JOIMYCTUMOE pellIeHue MpH LeHax p u aoxojae R. Takum obpasom, mubo pix <
Ry, mubo pox < R,.

IIpeanonoxum, HaIpUMep, 410 p1X < R;.

U3 Toro, 4to V(p;, R;) €CTh MO OMpEJENICHUI0 3HAUCHUE 1IeNIeBOM (YHKIIMHU HA OINTHU-
MaJbHOM pelieHuu 3afaun | npu meHax p; u aoxonaax R, cienyer, urto V(pi,R;) = u(x),
TaKk Kak X — JOMyCTHUMOE peIlleHre ATOi 3amaun. TeM Ooliee MOIKHO BBHIMOIHATHCS U
TpebyeMoe COOTHOIICHHE

u(x)=v(op; + (I —o)p,, oR; + (1 — )Ry) < max {V(p1, R1), V( p2, R2)}.

|

Ecnu nomomHUTENsHO MPEeAnonoKuTh, 4To u sABisercs nuddepeHuupyemoit GpyHKuu-
e, TO JUIsl XapaKTepUCTUKU peuieHui 3amaun | MOXHO IpUMEHHUTh Teopemy KyHa-
Takkepa:

IycTs X — pemenne 3agaun 1. [pu R>0 ychosue Chiefitepa BoimonHeHo. M3 Teope-
mbl Kyna-Takkepa ciemyer, 4to Haigercs MHoxutens Jlarpamka A > 0, Takoi, 4To
bynukus Jlarpamka L(x, A) = u(x) + A (R — px) 3agaun 1 umeer B Touke (X,A) IpOU3BOI-
HYIO 110 X;, HE MPEBBIIIAIONLYI0 HOJb. JIpyrUMuU ClI0BaMH, Mbl UIMEEM HEOOXOJIMMOE yCII0-
BUE ONTHUMAaJIbHOCTH:

ou _ — -
a—xi(x)») <A Pi.
B cnyuae sxe BHyTpeHHero penienus (x>>0) 3To ycaoBue TPUHUMAET BU/I;
ou _~ =
o, (XA = A pi.

MO3KHO MMOKa3aTh, 4TO ABOUCTBCHHAS OLCHKA OIOKETHOTO OrpaHudeHus 3agaun 1 A
IpeJCTaBIsieT cO00H (B Cilyyae BHYTPEHHETO PEIICHHs) MPOU3BOIHYIO HENIPSIMON (PyHK-

~ oV
I[UH [TOJIE3HOCTH 110 JOXOAY, T.C. A= B_R(p’ R).

3ameuanue. KBa3uBbITyKIIOCTh 10 10X0Ay Iu(depeHIupyeMoil HenpsiMoi GyHKINU
IIOJIE3HOCTH U €€ CTporasi MOHOTOHHOCTb IO JJOXOAy (KOTopasi CIeAyeT W3 JIOKAJIbHOMN
HEHACBIIIAEMOCTH TPEANOYTEHUH) TapaHTUPYIOT IOJIOKUTEIbHOCTh JBOMCTBEHHOMN
OLIGHKH OTPaHUYEHUS BCIOAY, 32 UCKJIIOUCHHEM He 0ojee 4eM CUETHOrO MHOXKECTBa TO-
Yyek ee obyacTu onpezaeneHus. Takum oOpa3oM, Jaxe BBIIYKIOCTh MPEANOYTEHUH U UX
JIOKaJbHAas HEHACHIIIAEMOCTh HE TapaHTHPYIOT, BOOOILE TOBOPSA, IOJIOKUTEIBHOCTh
OLICHKH OTpaHUuYeHUH (II0JI0KUTENBHOCTD NPEAEIBLHON MOJE3HOCTH 10X0a IPU HEKOTO-
PBIX €ro ypoBHAX). B cutTyaruu xe, Koraa CyImecTBYeT BOTHYTash (PYHKIHS MOJIE3HOCTH,
IPE/CTABIIAIONIAs JTOKAJIbHO HEHACKIIaeMble MPEANOYTEHUS, IPU JTI0O0M YpOBHE J10X0/1a
€ro IpeeNbHas M0JIE3HOCTh BCEr 1A MOJ0KUTENbHA.



B Oosblield yacTH CIIEAYIOIIETO HKXKE MaTepHualia, KOTOPBIM COCTaBIAET SIpO He-
OKJIACCHUYECKOW TEOPHH IMOBEIEHHs MOTpeOUTeNel, Mbl, HEe BIOJHE MOCIEI0BATEIbHbBI U
YKJIOHSIEMCS OT IIPOTPaMMBI IIOCTPOCHMSI TEOPUM HA OCHOBE TOJIBKO CBOMCTB IIPEAIIOUYTE-
HUH, 4aCTO CUMTasi HEKOTOPbIE CBOMCTBA (PYHKIMI MOJIE3HOCTH 3aJaHHBIMU alPHOPHO, a
HE BBIBOJS UX U3 XaPAKTEPUCTHK JICKAIIUX B UX OCHOBE IPEAIIOYTCHUMN.

Tecmbl u 3a0auu 013 CAMOCMOAMEIbHO20 PEUICHUS

1. Ecnu pyHKIMS TOJE3HOCTH OJTHOPOIHA TIEPBOM CTENEHH, TO MPH YBEIMYCHUH J0X0/a
B 2 pa3a N0JIE3HOCTh MHAUBHIyyMa

4 BO3pacTeT MEHBIIIE YeM B 2 pasa

¢ BO3pacTeT B 2 paza

¢ yIajieT MEHbIIE YeM B 2 pasza

2. Ecnu ¢yHKIUSA MOJE3HOCTH OJHOPOJHA CTENEHU k, TO MPU YBEIMUYCHUH JOXOJa B m
pa3 MoJIC3HOCTh UHAWBUAYYMA

¢ BO3pacTer B mk pa3

¢ BO3pacTeT B m" pa3

¢ BO3pacTeT B 71 pa3

3. OntuManbHbIA BEIOOp MOTPEOUTENS BCET/1a JIKHUT Ha OI0/PKETHON JINHUU
€CIIU TPEATIOYTEHUS

4 JIOKAJIbHO HEHACHIIIAeMBbI

¢ BBITYKJIBI

4 BOTHYTEHI

4. 3amada moTpeOHUTENs BCEria UMEET pelIeHue, eclu

¢ IICHBI U JOXOJ] CTPOTO MOJOKUTENbHBI, a QYHKIUS ITOJIE3HOCTH MOHOTOHHA
¢ I1ICHBI CTPOT'O MOJOKHUTEIbHBI U (PYHKIIHS MOJIE3HOCTH HEIIPEephIBHA

¢ (GyHKIUS TOJE3HOCTH HENPEphIBHA

5. 3agaya moTpeOuTeEINss UMEET eIMHCTBEHHOE PEIICHHUE, €CITH
¢ (GyHKIUS TOJE3HOCTH BOTHYTA M KBa3WJIMHEHHA

¢ (GyHKIUS TOJIE3HOCTH KBa3UBOTHYTA

¢ (GYHKIUS TOJE3HOCTH CTPOTO BOTHYTa

6. Ecu QyHKIIMA MONE3HOCTH MOTPEOHUTENSI CTPOTO BOTHYTA, TO
¢ pEIICHUE 33/1a4H TOTPEOUTEIIS €AUHCTBEHHO

¢ BCE TOBaphl MOTPEOISIOTCS B OJIOKHUTEIBHBIX KOJINYECTBAX
¢ TIpezenbHas MOJE3HOCTH JieHeT paBHa 0

7. Ecmm OpCANOYTCHNA BBIITYKJIBI U PCIICHHUC 3aJa4d MaKCHUMHU3AIUU ITOJIE3HOCTHU HC-
CAWMHCTBCHHOC, TO MHO>KCCTBO OIITHMAJIbHBIX pemeHHﬁ
4 MOXET COCTATH U3 KOHCYHOI'O YUCJa TOYCK



4 HC BCCrJa 3aMKHYTO
4 BCCra BBIIYKIIO

8. Cripoc moTpedurens yA0BIETBOPSET 3aKOHY CIIpoca BCEeTaa
4 I HOpMaJbHBIX Oar
¢ I MaJIOLIEHHBIX OJar
¢ s ToBapoB ['udpdena

9. Ilycth (pyHKIMS MONE3HOCTH JIOKAIBHO HEHACHIIaeMa W HempepbiBHA. Kakue u3 HU-
JKETIPUBEIEHHBIX CBOMCTB (DYHKIIMHU CIIPOCA BBITIOIHSIOTCS P ITUX TMPEIIOI0KECHUSIX.
1) cripoc 0JHOPOEH HYIEBOM CTENEHH MO LIEHaM U JOXOy

2) BbINIONIHSETCS 3aK0H Banbpaca

3) pelieHue 3a1a4u €IUHCTBEHHOE

4) pelieHue BHyTpEHHEE

¢ 1,2

1,23

¢2,3

10. Ilycth ¢GyHKIHS MOJNIE3HOCTH MOPOXKIEHA JOKATBLHO HEHACBHIIAEMBIMU, HETPEPHIB-
HBIMH TIpEeANOYTeHUsIMUA. Kakue u3 HUKEPUBEIEHHBIX CBOMCTB XapaKTePU3YIOT HEMpsi-
MYIO (PYHKIIHIO TTOJIE3HOCTH.

1) oAHOPOAHOCTD HYJIEBOU CTEIMEHHU IO IIeHaM

2) HEeBO3pacTaHUE O LIEHAM

3) HenpepBIBHOCTD 110 IIEHAM U JOXO0JaM

¢2,3

¢ 1,2

¢ 1,3

11. Henpsmast pyHKIUS TTOIE3HOCTH

¢ KBa3WMBOTHYTA I10 LIECHAM U JOXOIy

¢ BBINYKJIA 110 LIEHaM U JOXOAY

¢ KBa3UBBIIYKJIA 110 LIEHAM U JIOXOAY

12. Ecnu ¢pyHKIUS TOIE3HOCTH OJHOPOJIHA MTEPBOM CTEIIEHH, TO ...
¢ HenpsaMas QyHKIHS MOJIE3HOCTH UMeeT BUI a(p)R

¢ Henpsamas QyHKIHS MTOJIE3HOCTH UMeeT BUI a(p) +R

¢ Henpsamas QyHKIHS osie3HocTu umeet Bua a(p)R + b(p), b(p)>0

13. Ecniu QyHKIMS MOJIE3HOCTH KBa3WJIMHEWHA, TO MPHU JAOCTATOYHO OOJIBIIOM JOXOJE
HenpsMasi PyHKIHS MTOJIE3HOCTH UMEET BUJL:

¢ a(p)R

¢ a(p)R + b(p)

¢ a(pR) + b(p)R



14. Ecau GpyHKIUS MOJIE3HOCTH MOTPEOUTENsl KBAa3WIMHEHHA, TO HenpsAMas (yHKIUS T10-
J€3HOCTH

4 KBa3HBBIIIYKIJa

¢ JMHEHHA

¢ nmeer Bua ['opmana

15. Kakue u3 HUKenpuBeACHHBIX ()OPMYIT BEPHBI?
¢ Dpx(p,R)p + Dpx(p,R)R = 0
¢ Dpx(p,R)R + Dpx(p,R)p =0
¢ Dyx(p.R)p + Drx(p,R)R =0

16. Kakue u3 HUXKepuBeICHHBIX ()OPMYIT BEPHBI?
¢ pDx(p,R) + x(p,R)" = 0"
¢ pDx(p.R) + V(p,R) = 0"
¢ pD,V(p.R) +x(p.R)" =0"

17. @yHKIMA cripoca MOTPEOUTENs MOJOKUTEIBHO OAHOPOJIHA TIEPBOM CTEMEHU IO JI0-
X0y Y YIOBJIETBOPSIET 3aKoHy Banbpaca. Toraa...

¢ [IPEANOYTEHNS TOMOTETHYHBI

¢ (yHKIUS cripoca yIOBJIETBOPSET AaKCMOME BBISIBJICHHBIX NMPEANOYTEHUN

4 3JaCTUYHOCTH CIIpoca Mo JOXOAY paBHa 1

18. Ecnu npennoyTreHne roMOTETUYHO, TO

4 DIIACTUYHOCTH CHpoca Mo T0XO0AY paBHa |

¢ > deKT 10X0/1a OTCYTCTBYET

¢ NOTPeOUTENbCKUI U3IIMIIEK COBMAIaeT C KOMIIEHCUPYIOLIEH Bapuaueit

19. Ilycth B skOoHOMUKE 2 ToBapa. DYHKIIMS TOJIE3HOCTH MOTPEOUTEINS KBA3WIMHEHHA U
nepBoe 0J1aro BXOAWT B Hee JIMHEWHOo. Torxaa...

¢ IPENOYTEHUsI MOTPEOUTENS TOMOTETUYHBI

¢ HapylaloTcsa KapAUHAIbHbIE CBONCTBA (GYHKIIMH MTOJIE3HOCTH

¢ SJIaCTUYHOCTH CIIPOCa MO JTI0XOAY Ha MEepBbIil ToBap 00paTHO MPOMOPLHOHANIbHA AOJIU
JI0X0/1a 3aTpauyrBaeMoil Ha 3TOT TOBap

20. Jonst cpenctB, pacxoayeMbIX MOTPEOUTENEM Ha MPUOOPETEHHE KaKI0TO Oara —
MOCTOSIHHAS (M TOJIOXKUTENIbHAsA) JA0JS COBOKYIHBIX PacXo/0B MoTpebutens. Makcumu-
3anuel QyHKIIUU MOJIE3HOCTH KAaKOro Kjlacca MOKHO MOPOAUTH TAKOW TUIT MOTPEOUTEINb-
CKOI'O ITOBeIeHUS?
¢ KpazunuHelHo;
¢ JleoHTheBCKOM (cUTYyalHs KOMILJIEMEHTapHOCTH OJ1ar);
¢ Oynkuueii nonesnoctu Kodoa-Jlyrnaca



21. Copoc notpeburens Ha Jir0b60oe 6J1aro 3aBUCHUT JIMIIb OT OTHOCUTEIHHON IIEHBI JJAaHHO-
ro Gyara ¥ COBOKYIHBIX MOTPEOUTEIHCKUX pacxoaoB. MakcuMmuzanueil GyHKIHN 1oJie3-
HOCTH KaKOT0 KJIacca MOYKHO TOPOAMTDH TaKOW THI MOTPEOUTEIHCKOTO MTOBEACHUS ?

¢ KBasunuHeiHo;

¢ JIeoHTBEBCKOI (CHTYyalnsi KOMIIEMEHTApHOCTHU OJ1ar);

¢ Oynknueit nonesHoctu Kob6a-Jlyrnaca

22. Cnpoc motpeburtens Ha mepBbie n—| Onar 3aBUCHUT JIMIIL OT OTHOCUTEIHHOU IICHBI
3TUX Onar. MakcuMuzanueil (yHKIMHU MOJIE3HOCTH KAaKOTo KJlacca MOXHO IOPOJAUTH Ta-
KOI THUT MOTPEOUTETHCKOTO TTOBECHNUS?

¢ KBasunuHeiHo;

¢ KBazununelHoii u cenapalenbHOM

¢ Oynknueit nonesHoctu Kob6a-Jlyrnaca

23. Copoc notpeburens Ha nepBbie # —1 01aro He 3aBUCHT OT (COBOKYITHBIX) TOTPEOU-
TENBCKUX PacxojoB. MakcuMmuzanuen (pyHKIIMU TMOJE3HOCTH KaKOTO Kjacca MOXHO TO-
POIIUTH TAKOM THUII TOTPEOUTENHCKOTO TOBEICHNUS?

¢ KBasunuHeiHo;

¢ CemapabenpHoii

¢ KBazununelHoii u cenapalenbHoM

24. Cnpoc notpeOuTelns Ha rnepBbie # —1 Ollaro 3aBHCHUT JIMIIE OT IIEHBI JAHHOTO Ojara.
Maxkcumuzanueit pyHKIMH MOJIE3HOCTH KAaKOTO KJlacca MOXHO MOPOJUTH TAaKOW THII TO-
TPeOUTETHCKOTO MTOBEACHHS?

¢ KpasunnHelHo;

¢ CenapabenbHOit

¢ KBazununelHoii u cenapalenbHoM

25. Ctpykrypa cripoca moTpeOuTenst moCcTOsIHHA (OTHOIIIEHUE BEIMYUHBI IMTOKYIIOK j Oiara
K BenuuuHe 1 Oumara, j=1,..., n). Makcumu3zanueil QyHKIMH TOJE3HOCTH KaKOro Kiacca
MO>KHO OPOJUTH TaKOM THI MOTPEOUTENHCKOTO MTOBEACHNUS?

¢ JIeoHTBEBCKOI (CHTYyalnsi KOMIIEMEHTApPHOCTHU OJar);

¢ JluHeitHO# (cuTyalus BIIOJIHE 3aMEHUMBIX OJar).

¢ Oynknueit nonesHoctu Kob6a-Jlyrnaca

26. TTycTh (DYHKIMS MOJTE3HOCTH TIOTPEOUTENsS MMeeT BU u(x) = (ax; + bxzr)m.
Ecmur — 0, To

¢ (YHKIS TIONE3HOCTH HMeeT BHA u(X)=x" X,"

¢ (DYHKIMS TOJIE3HOCTH UMEET BUJT u(X)=x" + xzb

¢ (yHKIUS TIONE3HOCTH UMEET BU u(x)=ax; + bx,

27. TlycTh QYHKIHSA MONE3HOCTH MOTpebuTeNns uMeeT BUA u(x) = (ax; + bxzr)m.
Ecmur — 1, To

¢ (YHKIS TIOIE3HOCTH HMeeT BHA u(X)=x" X"



¢ (DYHKIMS TOJIE3HOCTH UMEET BUJT u(X)=x" + X"

¢ (yHKIUS TONE3HOCTH UMEET BU u(x)=ax; + bx,

28. TTycTh (DYHKIMS MOJTE3HOCTH TIOTPEOUTENsS MMeeT BH u(x) = (ax; + bxzr)m.
Ecnur — — oo, TO

¢ (GyHKIUS TONE3HOCTH uMeeT JICOHThEBCKUN TUTT

¢ GyHKuuMs nojesHocTH umeet Bug Gpynkimn Ko66a-/{yrmaca

¢ (yHKIUS TONE3HOCTH TUHEIHA

29. Kakas u3 HIKENPUBEICHHBIX (YHKIUI BBICTYNAas B KauecTBE (DYHKIHHU TOJIE3HOCTH
JIAa€T BCETa TPAaHUYHbBIE PEIICHUS

¢* x1tx

* X 12 + X22

® X1 X2

30. ITycth (yHKIUS MOJE3HOCTH yYacTHHKA UMeeT BUI u(x)= x; + In(x,). Llena mepBoro
ToBapa 1, a riena Broporo ToBapa 2. [lorpeburens Oyner nmorpedisaTs oba ToBapa B MO-
JIOKHUTENBHBIX KOJIMYECTBAX, HAUMHAS C JOX0a

¢ 15

o1

¢2

31. Ilokaxkute, 4TO 17 (BBIITYKJIBIX, JOKAJIBHO HEHACHIIIAEMBIX) IPEANOUYTEHUN HENps-
Masi (YHKIHS UMEET MYJIbTUILIMKATHBHYIO (opMy a(p)R B TOM M TOJIBKO TOM CIydae,
Korjpa (mpsiMasi) (QyHKIUSI TOJE3HOCTH SIBISETCS IMOJIOKHUTEIHLHO OJHOPOIHOW TEepBOM
CTETIEHH.

32. IlokaxkuTte, 4To ecnu (yHKUHUS MOJIE3HOCTH aJAUTUBHO cermapabenbHa U CTPOro Mo-
HOTOHHA, TO B 9KOHOMHUKE He Oy/IeT B3aUMO/IOMIOIHAEMBIX TOBAPOB

33. Ilokaxwure, 4TO CTPOTOM BBIITYKJIOCTH IPEANOUYTEHUI HEAOCTATOUHO AJISl CIIPABEJIN-
BOCTH NPEABIAYIIETO YTBEPKACHUS (IPUBEINUTE COOTBETCTBYIOLINI IIPUMED).

34. IlokaxxuTe, 4TO €ciu (PYHKIHS MOJIE3HOCTH SIBJISIETCS] OJHOPOIHON NEPBOil CTENEHH,
TO HempsAMasi QYHKIUS Mose3HoCcTH V(p,R) umeet Bux v(p,R ) = a(p) + b(p)R.

35. Iokaxkute, 4TO ecin (PYHKIUS MOJIE3HOCTH SBISIETCS KBA3WIMHEHHOW, TO HENpsMas
¢byukus nonesnoctu v(p,R) umeer Bun v(p,R ) = a(p) + b(p)R nns Tex 3HavyeHuii p u R,
IPU KOTOPBIX ONTUMAIBHBIA NOTPEOUTETHCKUIT HAOOP CONEPKUT Bce Oiara (B MOJIOKHU-
TEJIbHBIX KOJNYECTBAX).

36. B skoHOMHKE ¢ Tpems OJlaraMu OTPeOUTETh UMEET MOJIOKUTEIbHBINA ToXoa R > 0 u
ero (pyHKIIMH CIpoca Ha IEepBOE M BTOpOe 0J1aro paBHBI
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(a) OOBscHUTE, KaK MOXHO PacCYUTaTh CIIPOC HE TPEThe OJaro (BBIYUCICHHS JeNaTh
HE HaJIO).

(6) SABnsrores M GYHKLIUU CIIPOCA ISl X1 M X2 OAHOPOAHBIMU TpeOyeMoit creneHu?

() Kakue orpaHudeHus Ha mapaMmeTpsl O, [3, Y, O TOKHBI BBIMOIHSITHCS, YTOOBI AaH-
HbIe (PYHKITUH CIIPOCa MOTIIH OBITh OPOXK/IEHBI 33a7a4eii MAKCUMU3AIUH MTOJIE3HOCTH.

(r) Mcnionp3yst pe3yabTaThl MyHKTa (B) A (PUKCHPOBAHHOTO 3HAYEHHUS cIipoca Ha 3-if
TOBap M300pa3uTe KpUBbIe O€3pa3Inuus B IPOCTPAHCTBE (X1, X2).

() YTo MOXKHO CKa3aTh O CBOMCTBaX (YHKIIUHU MOJIE3HOCTH 3TOro norpedburens? (Mc-
II0JIB3YITE pe3yJbTaThl ITyHKTA (T).)

37. Ilpenmnonoxxum, 4To (PyHKIHS MOJE3HOCTH MOTPEOUTEINS 3aBUCHUT JIUILB OT JIBYX OJiar
norpebnenust C u focyra L, a joxoxa popmupyercst u3 TpyaoBoro w(Lo — L) 1 (3K30reHHO
3aJJaHHOT0) HETPYIOBOIO J0X0Ja m. 37ech W — cTaBKa 3apaboTHO muiatel U Ly — ero
obmuit 6ropxeT (ponm) Bpemenu. [Tokaxkure Ha MpUMEpax, 4TO Jaxe B TOM cliydae, Ko-
r7a 1ocyr (1 notpedieHne) — HopMaibHOe 0J1aro, npeasioskeHne Tpyaa (pasHOCTh MEX-
Iy O0IIMM OIOPKETOM BPEMEHH U CIIPOCOM Ha JIOCYT) MOXET YObIBaTh NMPH POCTE CTABKU
3apaboTHO mnaTel. OOBACHUTE HEBBIMOJIHEHNE ‘‘3aKOHA CTIpOca’ B JAHHOW CUTYaIUH.

38. IlokaxkuTe, 4TO €CIU MPEANOYTCHHUS NOTPEOUTENST TOMOTETUYHBI, TO OTHOILICHHE
¢yHKIM cripoca Ha 1t00bIe 1Ba TOBapa HE 3aBUCHT OT YPOBHS J10XO0/aA.

39. Ilokaxwure, YTO €CJIU MPEANOYTCHUS TOTPEOUTENSI TOMOTETHYHBI, TO (PYHKIIHUHU CIIPO-
Ca yJIOBJIETBOPSAIOT COOTHOLICHUIO

axi(paR) _ axf(paR)
8pj opi

40. OyHKIUSA TOJIE3HOCTH MOTPEOUTENS 3aBUCUT OT NOTPEOJIEHUS HEKOTOPOro Oyara x u
noTpeOIeHus] OCTaJbHBIX Oylar (BEKTOpa Z) M OAHOPOJHA MepBoi creneHH. Jlokaxwure,
4TO MpH (PUKCUPOBAHHBIX I[EHAX HA OCTalbHbIC Onara (BEKTOp ¢) MPEANOYTEHUs MOTpe-
outensa Ha mapax (x, y), TIe ¥y — CyMMa JICHEeT 3aTpauyMBaeMas Ha IOKYIKy Habopa g,
NPEJCTaBUMbl OJHOPOJHOM NEPBOW CTENEHU “HOIyHEenpsMON” (yHKLIHEH MOJE3HOCTH

U(x,y).

41. Bo BBOAHBIX Kypcax MHKPO’KOHOMMKH OOBIYHO BBOJST CIEIYIOIIEE OINpe/eieHue
Onar-zaMeHuTeNnel U KOMIIEMEHTapHBIX Onar (B TepMHUHAX (yHKUUN crpoca Mapiian-
na):

aXQ
«bnaro 1 HaszpIBaeTcs cyocTuTyToM Ojara 2, eciiu z < Ow.

aXQ
«bmaro 1 Ha3pIBaeTCSI KOMIUIEMEHTAPHBIM TSl OJ1ara 2, eciu _Bp > 0.
1



[Tokaxkute, 9TO Takoe OINpeAeNeHUe BeJeT K mapagokcaMm. Hampumep, BO3MOXKHA CUTYa-
s, koraa 6naro 1 sBisieTcst cydoctutyrom Oara 2, a oOpaTHOE HEBEPHO.

[TokaxkuTe Takxe, YTO, aHAJOTUYHBIE ONpEACIICHUsI B TepMUHAX (QYHKIIHH CIpoca XUKca
(mpuBenuTe UX) CBOOOIHBI OT MAPaTOKCOB TAKOTO THUIIA.

42. Tlokaxwure, yto moboi ToBap I'mddena spusercs manoneHHbM. CripaBeyIMBO U
obpatHOE?

43. C xakuMHU TUMaMy OJIar Mbl UMEEM JIeJIO B Cllydae CIeAYIoMMX (YHKUIUN MOJIe3HO-
CTH:

- Ko66a-/lyrnaca, - CES, -JIeoHThEBA,
- TUHEHUHOMH, - KBa3WJINHEHHOM,
- aJIUTUBHOM.

44. Moryt nu Bce Onara ObITh MaJIOIICHHHBIMH, €CJTH MPEANOYTCHUS JTOKAILHO HEHACHI-
1aeMbl?

45. TlycTh MONIE3HOCTh MOTPEOUTENS 3aBUCHT OT JABYX Oylar, W mepBoe Ojaro sBiseTcs
JUCKPETHBIM (JIOCTYIIHBIE YPOBHHM €ro MOTPeOJIEHUS — LeJble YHuciaa a MOTpeOUTeNh
UMeeT KBa3WIMHEHHble npennouyTeHus. llpum kakux meHax Ha Omaro | motpeburens
IPEIBABISAET CIIPOC HA HETO Ha ypoBHE 1, 2, ...7?

46. Ilokaxute, 4To ecnu (YHKUUS MOJE3HOCTH KBa3WJIMHEWHA, TO HenpsMas (QyHKLIUS
MIOJIC3HOCTH — BBIMYKJIas QYHKIHUS IICH.

1.5. JeolicmeeHHOoCcmMb 8 Modesiu nompebumens

Bribepem B kadectBe U moctmxkumoe 3HaueHue noneznoctu (T.e. U = u(x), x = 0) u
pPacCMOTPHM CIEAYIONIYIO 3aa4y:

3anauya 2

px — min,,

u(x) = U, (2-1)
x=0. (2-2)

BBenewm nBa MOHATHS, CBSI3aHHBIC C STOM 3a7adeil.

Onpeneaenne 20. PYHKUNEN PACXOOOB e (p,U) Ha3bIBAIOT 3HAYEHHE LENEBOI
¢dbyHkuu B 3a7a4e 2 B TOUKE ONTUMYyMa NpH TaHHBIX p 1 U.

CornacHo oIpeneNeHuto, A KaXJI0T0 JOCTHKUMOIO YPOBHS MOJIE3HOCTH (DYHKITUS
pacxol0B YKa3bIBaeT MHUHHMAIBHBIM YPOBEHb PacxoioB (M0X0/a), 00eCTeUnBAIOIINUN
TaKOW ypOBEHb I10JIE3HOCTH.



HpeI[HOHO)KI/IM, 4YTO PCUICHUC 321[[3.‘-11/1 2 CAWHCTBCHHO IMPHU BCCX 3HAYCHHUAX LCH pac-
cMmarpuBaeMbIx Onar. Torga MOXHO ompenenuTh (QyHKIMIO crpoca XHKCa, COOTBETCT-
BYIOLIYIO JaHHOMY 3HA4€HUIO Nose3HocTH U.

Onpenenenne 21. PYHKUMA cripoca XuUKca h(p,U) conocTaBiseT 3aIaHHOMY
ypoBHIO mosie3HocTH U W 1eHaM p NOTpeOUTEeNnbCKuil Habop, KOTOpBIM oOecriednBaeT
HAaVMEHBIINN YPOBEHb PACXO/I0B.

3ameTuM, uto u3 onpeaenenus Gyukmui e (p,U) u h(p,U) cnenyet, 4yto
Ph(p.U) = e(p,V).
Kpowme Toro, ecnu GyHKIUS TOJIE3HOCTH HENPEPHIBHA, TO XUKCHAHCKHUN CIIPOC yIOB-
JIETBOPSIET TAK)KE PABEHCTBY
uth(p,U)) = U,

YTO JIOKA3bIBACT CIEIYIOINIEE YTBEPKICHNUE.

Yr1Bep:kaenue 17.
[Tycth GyHKIMS 1TOIE3HOCTH 1(.) HEMPEPHIBHA.

Torpa ecnu X gBisgeTcs pelieHneM 3afadn 2 npu HEKOTopbix LeHax p>0 u U > u(0),

TO u(x) = U.

okazamenvcmaeo:

ITpenmnonoxxum npotusHoe. IlycTs pemenne 3afgaun 2 ya0BIETBOPSAET yCIOBHIO u(X) >
U= u(0).

N3 cootnomenust u(X) > u(0) cienyer, uto X#0, M03TOMY, MOCKOJBKY p > 0, TO pX >
0.

Paccmotpum naBa ciydas: (a) U= u(0) u (6) U > u(0).

B cutyanuu (a) HyJeBOH BEKTOD JAOIMYCTUM U CTOUT MEHBIIE, YeM X, YTO IPOTHBOpE-

YUT ONITUMAIBHOCTH X.

PaccmoTrpum Teneps ciry4aii (0). Tak kak u(.) HempepbIBHA, TO CYIIECTBYET O<l, Takoe
qT0 OX gomyctuM (u(oxX) = U). Ho 3ToT Habop OLX CTOWT JeNIeBlie, 4eM X, T. €. pOoX = OpX
< pX. A 5TO IPOTHUBOPEYHUT ONTHUMAILHOCTH X, YTO U JOKA3bIBAET YTBEPKICHUE.

|

Yr1Bep:kaenue 18 (cBoiicTBa (PYHKIIMU PACXO00B) :

1) ®yHKIIMSA OAHOPOIHA TIEPBOM CTEMIEHH T10 IICHAM:
e(A\p,U)=Le(p, U);

2) ®ynaknus e (p, U) — BoruyTtast QyHKIUS 1IEH p.

3) ®ynknus e (p, U) HenpepbIBHA.

4) ®dynkuwms e (p, U) Bo3pacraer o U.

5) ®ynknus e (p, U) He yOBIBACT MO IIEHAM.

Hokazamenbcmaeo:




(1) IlepBBIii MyHKT YTBEpKIEHUS CIEAYET U3 TOTO, UTO pemieHus 3axauu 2 (nmorpedu-
TENLCKUM HAOOp MUHMMAIILHONW CTOMMOCTH) IPH BEKTOPE IIEH p U BEKTOpPE LIEH AP COB-
najaoT.

(2) MbI 10JKHBI IOKa3aTh, YTO I IBYX MPOU3BOJIBHBIX BEKTOPOB pi U pr ipu 0 < o
< 1 Bemmonuserces e (op; + (1-o)p2, U) = ave (p1, U) + (1 — ) e (p2,U).

[Tycth X — onTtumanbHOE perieHue 3aaauu 2 mpu nenax op; + (1 —o)p,, rorma (op; +

(1 =o)pr) X =e(op; + (1-0)p2, U). MHOXKECTBO {X | u(Xx) > U} HE 3aBUCHUT OT p, MOITO-
MYy, TIOCKOJIbKY u(X) > U npu nieHax op; + (1-o)p,, To u(X) > U u nipu 1ieHax p; u p,. U3
orpeneneHus: GyHKIUU PaCXOI0B H JOITYCTUMOCTH X HMEeM

e(p,U)<px — u e(p,U) < poX.
Orcrona
e (p1,U) + (1 —a) e(p2,U) < (ap1 + (1 = 0)p2)X = e (op1 + (1-a)pa, U).

(3) Jloka3aTtenbCTBO HENPEPHIBHOCTH OCTABIIAEM UUTATENIO B KAYECTBE YIPAKHEHUS.
3aMeTHM TOJIBKO, YTO HENPEPHIBHOCTH CIENyeT U3 TOro, 4To (a) (GyHKLHUS pacxosioB BO-
rHyTa Kak (GyHKus 1eH u (0) iaro0ast BOrHyTas QyHKIUS HENpepbIBHA BO BHYTPEHHOCTH
CBOEH 00JIaCTH ONpeAeTICHHUS.

(4) Joka3arenbcTBO 3TOr0 MyHKTA MOJOOHO JOKa3aTeNbCTBY BO3PACTAHHS HEMPIMOI
(YHKIIUY MOJIE3HOCTH TI0 JI0XO/Y U OCTaBJIETCS B KAYECTBE CAMOCTOSITENILHOTO YIIPaX-
HEHHUSL.

(5) Hycts p’>p u p’#p. Torma ph(p’,U) > ph(p,U) = e(p,U). Ho e(p’,U) = p’h(p’,U) >
ph(p’,U). 3amerum, uro eciau h(p’,U) > 0, to e(p’,U) > e(p,U).

|

Pemenus 3amaun 1 u 3amaun 2 TECHO CBsA3aHBI MEXIY COOOM, UTO JTOKA3bIBAET HIDKE-
caenyronias "teopeMa IBOMCTBEHHOCTH". HEKOTOphIE aBTOPHI HA3bIBAIOT 3TOT PE3YJIbTAT
""TeopeMoii B3auMHOCTH". DTOU TPAUIIMU MBI B OyJIeM CJIEA0BaTh B JAIbHEHIIIEM.

Yr1Bep:kaenue 19

I. ITycth hyHKIMS MOJIE3HOCTH JIOKAJILHO HEHacklaeMa. Toraa eciau X" sBIsercst pe-
weHreM 3a1aun 1, To X SIBIseTcs pemiennem 3amaun 2 nipu U = u (x*).

II. TIycTs ¢dyHKIMS TTOJIE3HOCTH HEMpephiBHA. Torma eciau X" sBIsercst peueHuem 3a-
nauu 2 ¢ p>0, To X" sBisercs pemienueM 3anauu | npu R=p X

okazamenvcmaeo:

I. IIpenmnonoxumM TPOTUBHOE: X" He sBiseTCs peleHreM 3aiadu 2, T.€. CYIIECTBYET
JOMyCTUMOE pelrenne 3agaun 2 — MOTpeOUTenbCKUii Habop X’ TakoM, 4To px*> px.
[Tockonbky x” momyctuMm B 3amaue 2, To u (x’) > U = u(x*). C npyroit CTOpOHBI, U3 JIO-
KaJbHON HEHACHIIIAEMOCTH MPEANOYTEHUI CIEIyeT, YTO CYyHIECTBYeT X', TaKOH dTO
px=px” mux”)>u(x)>u(x). A 5T0 IPOTHBOPEUUT OITUMATBHOCTH X B 3ajaue 1.

II. ITpeanosnoxum, 4TO x" He sBiseTcs pemennem 3anauu 1. Torga cymiecTByeT mo-
TpeOUTENLCKUIT HA0OP X', KOTOPBIN SIBJISETCS JOMYCTUMBIM pelieHreM 3amgauu 1, Takoi
gyro u(x’) > u(x*). Habop x” momkeH yaoBACTBOPATH OIOKETHOMY OIpaHHUYEHHIO, T.C.




* o o *
pX' < R=px . Takoit HA0Op X" MOKET HANTUCH TOIBKO Mpu X #0, MOCKOJBKY B IIPOTHUB-
*
HOM cllydae X — €IMHCTBEHHOE JoNycTHUMoe peuieHue 3amauu 1. Toraa, MOCKOJIBKY
* (V3
p>0, To px >0. B cuny HenpepbIBHOCTH OTHOLIEHUS IIPEANIOYTEHUS HAIeTCs O TaKOe,

* , ’ * *
qro pX >0opx ¥ u(0x’) > u(x ). IT0 IPOTUBOPEUUT ONTUMAIBHOCTU X B 3ajaue 2.
|

W3 mokazaHHOW TEOpEMBI CIEAYET, YTO B Ciydae, KOorja MPeArOYTeHHs JIOKaJIbHO He-
HACHIIIIaeMbl U HETIPEPBIBHBI, CIIPABEIIIMBHI CIEAYIOIINE Y€THIPE TOKIECTBA, KOTOPHIE TI0
CYTH JieJIa SIBJISIFOTCSA COOTHOIIEHUSIMU JBOMCTBEHHOCTH 11 3a1ay 1 u 2:

* v(p, elp, U))=U;
* e(p,v(p, R) = R;
* x(p, R) =h(p, v(p, R));
* h(p, U) =x(p, e(p, U)).

[TocnenHnee u3 TOXKIECTB, SBISAETCSA, TIO-BUAUMOMY, CAMBIM BaYKHBIM B AMITUPUUYECKUX
HCCJICIOBAHUAX TOTPEOUTEIBCKOTO TIOBEIACHHS, MOCKOIBKY CBS3BIBACT HAOIOIACMBINA
MapIIaJUTHAHCKHK CTIPOC C HEHAOJI01aeMbIM XUKCHAHCKUM.

B curyamnuu, korga /=2, MapmaqiIMaHCKHA CIIPOC — HAWIYYIIUA HaOOp (TO4ka) Ha
JIAHHOM OIOJKETHOW MpsiMOi. XUKCHAHCKUN CITPOC — CaMBbIi JIeIIeBbId HaOop Onar Ha
JIAHHOM KpUBOHW Oe3paznuuus (CM. TOMEIICHHYIO HIKE TpauuecKy0 HILTIOCTPAITUIO).

6IOI[)I(CTHa$I npsAaMas 4 KpuBas 6e3p33.]'II/ILII/Iﬂ

MapIlaJlJIiaHCKUH
crpoc XUKCUAHCKHUN

crpoc

v

A\ 2

PucynHok 3

Korna xukcnanckuil 1 MapluaJsIMaHCKUM CIIpoc He coBlafaroT? B kauecTBe nmpumepa
MOYKHO TPUBECTHU MPEANOUTEHHS C “TOJCTON KpUBOW Oe3pa3inuuus (Takue KpUBbIE 0e3-
pasnuYMsl MOSBATCS, HAPUMEpP, €CJIM B3STh B KauecTBE (PYHKIUH TOJE3HOCTH LETYIO
4acTh KaKOM-HUOYb “HOPMAJIbHON ™ (QYHKITUH MOJIE3HOCTH). XUKCUAHCKUH CIIPOC BCeraa
Oynet nexartpb (ciydail IByx OJsiar) Ha JEBOM HIDKHEH IpaHMIE “TOJCTON’ KpHBOU Oe3-
pasnuunst. Ha pucynke sTa rpanuiia n3o0paxkeHa TeMHOM TuHUeld. MapIaainaHcKuii sxe
CIPOC MOKET JIe)KaTh BHYTPH ““TOJICTON” KpUBOHM Oe3pazinuyms.



XUKCHAHCKUH
CIIpoCc—

PucyHok 4. «TosncTasi» KpuBasi 6e3pasBsamumus

[TpryrHa HecoBMAJCHNUS 3aKII0YACTCS B TOM, YTO “TOJICTast” KpUBas Oe3pa3nuyus 03-
HAYaeT OTCYTCTBHE JIOKAIBHOW HEHACBIIIAeMOCTH. TakuMm 00pa3oM, Ui TOTO, YTOOBI
rapaHTHpOBaTh BBINOJIHEHUE paBeHcTBa /,(p,U) = x{(p, e(p,U)), Hy*KHO TpeOOBaTh HaIU-
q1€ JOKaJIbHON HEHACHIIIAEMOCTH.

[Tpeamnonoxum JOMOTHUTENBHO, uTo QyHKINH e(p,U), V(p,R), hi(p,U), x{p,R) — nud-
depennupyembie GyHKIHUH (T.€ COOTBETCTBYIOMIAS (PYHKIIMS TOIE3HOCTH u(.), IPEICTaB-
JSIFOINAs TaHHBIE MPEANOYTEeHUs, ABaKAbI HenpepbIiBHO nuddepenuupyema). Torna BbI-
MOJIHAIOTCA TPU BaXkHBIX cBoMcTBa: Jyiemma lIllemapna, ToxnectBo Pos u ypaBHeHuMe
Ciyukoro.

CBs3b MKy QYHKIIUSIMU PACXOA0B M (XMKCHAHCKOTO) CIIPOCA OMUCHIBACTCS JIEMMOM
[lenapaa.

YrBepxnenue 20 (Jlemma Illenapaa njasi Teopun norpedaeHus).

de(p,U)
i hip,U)

Hoxazamenvcmeo:

YuuTeiBas 3HAYEHUE ITOTO PE3yibTaTa JJisl TCOPUU MOTPEOJICHUS, YKAXKEM HECKOIBKO
ero 000CHOBaHUi

1. ITo onpenenenuto dpyakiuu pacxonos e (p,U) = p h(p,U) Vp,U. llpoguddepennnu-
POBAaB 3TO TOXKJIECTBO I10 p;, TOIYYUM COOTHOIICHHE:

dep.l) s IpU)
a pi AV 2} jp] apl .

Ocraercs moka3aTh, YTO BTOPOE CJIaraeMoe paBHO HYIIO.

[TocnenHee yTBEp)KIACHHE CTOUT NMPOUHTEPIPETUPOBATH. XOTA MPHU W3MEHEHHH LIEH
paccMaTpuBaeMbIX OJar MOTPEeOUTENh MEHSET CBOE IMOBEICHHE, MPEANOoYnTasi, BOOOIIe
roBOpsA, JPYroil moTpeOuTenbCKuil Habop, MPH pacueTe W3MEHEHHs PacxoJl0B Ha MpU-
oOpereHre HOBOro Habopa B MEPBOM HPUOJIMKEHUN MOXKHO HE YYUTHIBATH 3TOTO HM3Me-
HEHHE crpoca norpedutens. pyrumu cioBaMu, HOBbIE PACcXObl B EPBOM MPHUOIIIKE-
HUH PaCCUUTHIBAIOTCS TaK, KaK €CJIM Obl ONTUMAJIbHBIN BBIOOP OCTAJICSI HEU3MEHHBIM, T.€.
3TH HOBBIE PACXOJbl PaBHBI CTOMMOCTH CTaporo Habopa B HOBBIX IIeHaxX. M3meHeHue
CIpOCa MPOSIBISAETCS JIUIIb BO BTOPOM MPHOIMKEHHH.

JlokaxxeM 3TO yTBEPKICHHUE.




Tak kak h(p,U) — pewmenue 3agauu 2, To no teopeme Kyna-Takkepa cymiecTByeT
MHOXHTeNb Jlarpanka A orpannueHus (2-1) 3a1a4u Takoid, 4To

d
=A a_u V.
(HaHOMHI/IM, 4TO0, KaK OOBIYHO, MBI IIPE/NIONAraeM, 4TO PELICHUE BHYTPEHHEE. )
oh(p.U) _ ou d hi(p,U)
Orcroza 2. p s AT x  op

B coorBerctBue ¢ ompeneneHueM (yHKuMH A(.) BBIMOJHSACTCS  TOXIECTBO
u (h(p,U))=U. llpoguddepeHInpoBaB ero 1o p;, MOIy4uM TpedyeMoe COOTHOIICHUE
g ou du d hi(p,U) 0

Tox, dpi

Jpyroe noka3atenbcTBO 3TOTO (haKkTa COCTOUT B IMOCTPOCHUHU KacaTeNbHOW Ui rpa-
¢duKa GyHKIUN pacxo10B.

00603HaUUM P_; = ( P1yeees Pic1s Pitlse--» P1)- LIpH 3TOM (ps, p—i) = P.

ITycTb p — HEKOTOpAs TOUKA. 3a¢)m<cnpyeM BCE IICHBI, KPOME IICHbI i-ro 6mara p_; =
P HOKa)KeM 4TO TpAMAst pihdp U) + X i pj hj (p ,U) Kxacaercs rpaq)mca byHKIIUU
e(pinp ", U) B TOuKe p i- JeiictBuTensHo, Habop h(p ,U) 1ipu 1ieHax p TpeOyeT MHHHU-
MaJIbHBIX PAacXO0B Ha mpuoOpereHue u3 HaOOpOB, obecreunBarOMMX Moje3HocTh U.
[Tpu m00BIX APYrHX L[EHaX OH JIOMYCTHM, HO, BOOOIIIE TOBOPsI, HE MHMHUMHU3UPYET pac-
xopsl. Ilpu LeHax (piP —)) MEHHMYM PacxojoB JOCTHTAaeTCsl Ha MOTPEOUTEIBCKOM KOp-

3une h(p;, p "), Jpyrumu cioBami, CIIpaBeIIMBO COOTHOIIEHHUE, KOTOPOE U YCTaHaB-
JUBaeT TpeOyeMblii pe3ynbTaT O KaCaHUU:

e(pip V) = pihipisp"U) + ;" hipip™i.U) < pihip’,U) + X ;" hi(p",U).
J# J#I
CxazaHHO€ WITIOCTPUPYET HUKETTPUBEIECHHBIN TpaduK.

A piip"U) + i pi” hip',U).

R
(pacxozpr)

€ (pi’ p**ia(])

Pi

A/

Pucynoxk 5

CornacHO HEpaBEHCTBY, KpuBas R=e(p.,p *,,,U) JIEXKUT MO IIPAMOM
R pﬁ(P LO*‘EL#Z% h(P ,U)
U UMEET C Hell 0OIIyI0 TOUKYy (p, ,e ( P ,U) (A Ha pucyHke). 3HauuT, dTa HpsMast SBIIA-
€TCsl KacaTelIbHOU K KpUBO R = e (p;, p ,,,U) HaKJIOH pAMOI pasen h; (p ,U).
TaKI/IM o0pazom, HpOI/IBBOI[HaH dyrxumn e (p;, p _,U) pasua hi(p,U):

apfpd’ﬂlb ap(p/lb h(p/lb



N3 nemmsr lemapaa ciemyer, 9To 1Mo (GYHKIIUHA PACXOJI0OB BCETAa MOYKHO TTOCTPOUTH
(GYHKIIHIO (XUKCHAHCKOT0) CIpoca.

YrBep:knenue 21 (ToxknecTo Posi)
av(p, R) av(p R) _

Hoxazamenvcmeo:
Jnist mokazaTenbCTBa ATOTO TOXKIECTBA BOCIOJIB3YEMCS OJHUM W3 TEPEYHCICHHBIX
BBIIIIE TOXK/IECTB:
TSt JTI000T0 p > ) BBIMIOTHSETCS cooTHOMIEHUE: V( p, e (p,U)) =
Hpozm(b(bepeHquyeM 3TO TO)KI[GCTBO 1o p;:

(p,e(p U))+8R(p,e(p U)) (p U)=0.

ITo nemme Ilenapna g(p,U) = h(p,U), cnenoBarenbHO

av ov

a(pae(pa U)) + a_R(pa e (pa U))hl(an) =0.
Bossmem U=v(p,R).
Bocnons3yemcs Toxxaectsamu k (p,v(p,R)) = x (p,R) u e(p, V(p,R)) = R. I3 Hux cieny-

€T, YTO BEPHO COOTHOILIEHUE
ov. NV

- apl(paR) / oR (paR) - xi(paR)'

|

Yr1Bepaxnenue 22 (YpaBHenue Caynkoro)

ox;  oh;  Ox;
dp; Op; OR &
oh; X;
o s dexT 3ameHsl, =, oR Y — 3¢ddekTt noxona.
)j
Hoxazamenvcmeo:
Jnis 1oKazaTesbCTBa BOCHOIB3YEeMCs CIEIYIOLTIM TOXKIECTBOM:
x(p, e(p,U)) = h(p,V).
Hpo,ump(pepeﬂunpyeM 3TO TO)K,Z[GCTBO 10 pj:
ox;.
+
p; (p.e(p,V)) (p, e(pz,U)) o, “(p.U) - ap (p,U)

de(p,U)

Bocnons3yemcs nemmoii lllenapaa I, = hi(p,U).
J

Ecmu U= v(p,R), 10 e(p,U) =R, hi(p,U) =x; (p, R).

CJICI[OBaTCJILHO,

8 ax; ox; oh;
0 R) % B3 (p.R) ~ap, (P V(PR




VYcraHaBnuBas 3TH COOTHOIICHHUSI, MBI TIpearoiarany, 4to ¢yHkmuu V(p,R) u e(p,U)
HernpepbiBHO nuddepeHupyemsl. Ternepp yCHIuM 3To TpeOOBaHUE, MPEIIOIOKUB, YTO
GYHKIIUS pacxoJ0B ABAXIbl HEMpepbiBHO Auddepenuupyema. Torma B CUITy TEOPEMBI
IO#nra (Young) ee cMemanbie BTOPHIE MPOU3BOIHBIE COBIAAAOT, T.€.

d’e e
apop PV~ apiop PV

Huddepenmupys Toxxaectso llemnapaa, momydaem
oh; oh;
Ucnonb3ys 3TOT pe3ynabTar v ypaBHeHue CiIylIkoro, uMeem

ax,- ax,- ax- ax-
ap, PR+ R (PR 5 (. R) = 5 (P R) + 30 (P R) 2 (p. R).

Takum 00pa3om, MBI MMOKa3add CUMMETPUYHOCTh MaTpuilbl Skobu pyHKIHHM pacxo-

JI0B, T.€. MAaTPHILBI, KOOQPHULIUEHT a;; KOTOPOH PacCUUTHIBAETCS MO CIEAYIoLEel hopMyIe:
e _ohy_dy O
opdp: op op  oR

DTy MaTpHIly Ha3bIBAIOT TAK)Ke MaTpHIlel KOd(PUIIMEHTOB 3aMeHBI. TakuM o0pazoM,
Matpuiia K03pOUIMEHTOB 3aMeHbl (PYHKIIMM PACcX0/I0B MOTPeOUTENsI, BEBIOOPHI KOTOPOTO
OIHCBIBAIOTCS MOJICITBIO PALIMOHATBHOTO TIOBEICHUS, BCET/Ia CAMMETPHUYHA.

Kpome Toro, mockonbky pynkmus pacxomoB e(p,U) — BorHyrtas QyHKIHS II€H, TO
MaTpuIia Ko3pUIMESHTOB 3aMEHBI SBISICTCS OTPHUIIATEIIEHO MOJTyOTIPEICTICHHOM.

DT0 Ba)XHBIE XapaKTEPUCTUKHU CIIPOCA, MOPOKICHHOTO MOJIEIBHIO PAIlHOHAIEHOTO TO-
BeieHUs. OHU SIBIISIIOTCSL HE TOJBKO HEOOXOAMMBIMU (KaK MBI TOJIBKO YTO YCTAaHOBHUIIH),
HO M JOCTaTOYHBIMHU (KaK TOKaXeM Jajiee) YCIOBHSIMHU TOTO, YTO HEKOTOpas (YHKITUSI
IICH U YPOBHEH IMOJIE3HOCTH sIBIsieTCs (DYHKIMEH PacxXo/0B PalMOHAIBHOTO MOTpeduTe-
1.  CornacHo ypaBHeHHIO CIIYIIKOTO 3TH XapaKTEPUCTHKH MOTYT OBITh BBIPAKEHBI B
TEPMUHAX TIEPBHIX YaCTHBIX MPOM3BOJIHBIX MapIIALIMAHCKOTO CIIPOCa, KOTOPBIE, Kak
NIPEJIIONIaraeTcsl, SIBISIOTCS HETIOCPEACTBEHHO HAOII0JaeMBIMH, YTO JaeT BO3MOXHOCTb
MIPOBEPATH COTJIACOBAHHOCTH HAOIOIAEMOT0 TIOTPEOUTEITHCKOTO MOBEICHHS C MOJIEIBIO
paIMOHATBFHOTO TIOBEJICHHUS U BOCCTAHABIIUBATH MPEINOYTCHUSI TOTPEOUTENST HA OCHOBE
€ro PrIHOYHOTO TIOBEICHHS (BHIOOPOB).

Tecmul u 3a0auu 013 CAMOCIOAMETIbHO20 DeUleHu

1. Ecu cipoc Ha ToBap o0aaeT oTpuiatebHbIM dhhexTom 1oxoaa,
TO TOT TOBAp SBISIETCS

¢ HOpMAaJbHBIM

4 MaJOLEHHBIM

¢ toBapoM ['uddena

2. Kakoe u3 HuXKenpruBEeACHHBIX YTBEPKICHUN BEPHO:



4 TOBap SABISETCS MAJIOICHHBIM TOT/Ia ¥ TOJIBKO TOTJa, Korjaa oH — ToBap I udgena
¢ ToBap ['uddena sBnsgeTcs MaIOLEHHBIM TOBAPOM
¢ MaJIOLIEHHBIN TOBap sBIsieTcs ToBapoM [ udpdena

3. Kakoe u3 HUXKEeNnpruBEIEHHBIX YTBEPKAECHUI HEBEPHO

4 B DKOHOMHUKE C JIByMsI TOBapaMH IE€PBBIH TOBAp CyOCTUTYT BTOPOrO, HO BTOPOii HE CyO-
CTHTYT IIEPBOTO

4 CYIIECTBYET MPEANOUTEHHUS MOTPEOUTENS, IPU KOTOPHIX OH NPH JIOOBIX IIEHaX U JI0-
X0J1aX MOTpeOIIIeT TOIBKO NEepPBhIi TOBap

4 B SKOHOMHKE C IByMs ToBapamu 00a ToBapa sBIAI0TCs ToBapamu I nudpena

4. D¢ dext 3aMeHBI OTCYTCTBYET B Clly4yae, €ClIu
¢ (GyHKUUS TOJIE3HOCTH KBa3WIMHEHHA

¢ (YHKIUS TIOJIE3HOCTH BOTHYTA

¢ Onara KOMITJIEMEHTapHBIE

5. DddexT noxoaa OTCYTCTBYET B cliydyae, ey (PyHKIUS MOJIE3HOCTH
¢ KBa3WJIMHENHA

4 BOTHYTa

¢ JIMHENHA

6. B sxonomuke 2 ToBapa. M3BecTHO, 4TO B MaTpulle 3aMeHbl a1 = —2 U ay = —1. B aToM
ClIy4ae 3JIEMEHT a| paBEeH

¢ -3

¢ -15

4 HE JOCTaTOYHO JaHHBIX IS OTBETA

7. Kakue u3 HKENPUBEACHHBIX (OPMYIT BEPHBI?
¢ pDrh(p,R) =1

¢ pDrx(p,R)=1

¢ h(p, u) Drx(p,R) =1

8. Kakoe 13 HIKENpUBEACHHBIX ONPEIEICHUN B3aMMO3aMEHsIEMbIX (B3aUMOOTOIHAEM-
BIX) Onar He BeNEeT K MmapajoKcaM Cleayrollero Tuma: 6xaro 1 sBisercs CyOCTHTYTOM
Onara 2, oqHaKo 0OpaTHOE HEBEPHO?

. . dx;
¢ Ouaro i Ha3pIBaeTCs cyOCTUTYTOM OJiara j eciiu E%? 0

dh;

¢ Ouaro i Ha3pIBaeTCs cyOCTUTYTOM OJ1ara j eciiu _dp >0

)
¢ 00a BBIIICNIPUBEICHHBIX ONPEIeIeHUs BeIyT K NapaJoKcaM yKa3aHHOIO THIIA

9. Kakumu U3 HIKETIEPEUNCICHHBIX CBOMCTB 001aiaeT GyHKIHS pacXxomaoB?
1) onHOpOAHA HYJEBOM CTENEHU MO LIEHaM
2) ogHOpOAHA HYJIEBOM CTEMEHH MO LIEHaM U JJ0XO0JaM



3) HeyOBIBaET 1O IIeHaM
¢ 1,2

2

3

10. Kakumu 13 HIKENIEPEUNCIIEHHBIX CBOMCTB 00agaeT GyHKIUs pacxoaoB?
¢ BBIIYKJIA MO LIEHaM

4 CTpOro yOBIBaeT Mo YPOBHIO TOJIE3HOCTH U HE BO3PACTAET 1O I[eHAM

4 OJTHOPOJIHA IIEPBOM CTEIIEHU IO JOXOLY

11. Kakumu U3 HIOKETIEPEUHCICHHBIX CBOUCTB 00J1a/1aeT XUKCUAHCKUI cripoc?
¢ OJIHOPOJHA HYJIEBOH CTENEHU IO JOXOAY

4 OJTHOPOJIHA HYJIEBOW CTENEHH I10 LIEHaM

4 BO3pacTaeT MO I[eHaM U He YOBIBACT MO JOXOIY

12. Matpuna SIko0u XUKCHAHCKOTO CIpoca
¢ I10JIO)KUTEIIBHO OJIyOIIpeieIeHa

¢ CUMMCTpHYHA

¢ BBIPOXKJIEHA

13. Jlemma Illenapna ycraHaBiInMBaeT CBA3b MEXKAY...

¢ XUKCHAHCKUM CIIPOCOM U (pYHKIIMEH 3aTpar;

¢ XMKCHUAHCKUM U MapUIaJIMaHCKUM CIIPOCOM;

¢ MapIIaJMaHCKUM CIPOCOM M HEMPSAMOH (DyHKIMEH MONIE3HOCTH.

14. ToxnectBo Post ycTaHaBIMBAET CBA3b MEXTY

¢ XUKCHAHCKUM CIIPOCOM U (YHKIIMEH 3aTpar;

¢ MaplIAJUIMAHCKUM CIIPOCOM U HETIPSIMOM (YHKITUEH MOJIE3HOCTH;
¢ XMKCHAHCKUM U MaplIaJTIMAaHCKUM CIIPOCOM.

15. YpaBuenue Ciyikoro yCTaHaBJIMBAET CBSA3b MEKAY ...
¢ XUKCHAHCKUM CIIPOCOM U (pYHKIIUEH 3aTpar;
¢ MaplIaJUIMAHCKUM CIIPOCOM U HETIPSIMOM (YHKITUEH MOJIE3HOCTH;

4 XMKCHAHCKHM M MapIIaJJIMAHCKHUM CIIPOCOM.

16. Kakoe 13 HIKENIPUBEACHHBIX BBIPAKEHUIN BEPHO

* hipa) =~ PR | SRp R
dh
¢ e(pau) - _E(pau)a

* h(p,u)= —%(p,u).

17. Kakoe 13 HIKENIPUBEACHHBIX BBIPAKEHUIN BEPHO?



dh dx dh ;

*dpTdp T d”
dh dx dh
‘@ZEJFE-"
dh_dx dx
*dpdpdr*

18. IlycTh GyHKIMS TOJIE3HOCTH HEMIPEPBIBHA, JIOKATLHO HEHACHIIIAeMa, CTPOTO BOTHYTA.
QOyHKIMS XUKCUAHCKOTO cripoca h(p,u) HenpepbiBHO auddepenuupyema. Kakue u3 Hu-
KETIPUBEICHHBIX CBOIMCTB CIPABEIMBBI IIPH ATHX MPEATIONI0KEHUAX ?

1) Dyh = D; e(p,u)

2) Dyh — oTpunarensHO NOTyonpeeneHa

3) Dph — cummeTpuyHa

¢

¢ 12

¢ 123

19. Ecnmu pyHKITHS TTOJIE3HOCTH MMeeT BU ['opmaHa, To QyHKIHS 3aTpaT UMEET BUJ]
¢ e(pu)=c(p) +u

¢ e(p.u)=c(p)u+d(p)

¢ e(p.u)=c(p) +d(u)

20. Ecnmu pyHKIMS 1TOIE3HOCTH OJTHOPOIHA TIEPBOM CTETNIEHH, TO ...

¢ QyHKIIUS XMKCHAHCKOTO CIpoca U (PYHKLHMS 3aTpaT OAHOPOJIHBI MEPBOM CTEHEHH IO
YPOBHIO TIOJIE3HOCTH

¢ (YHKIUS XUKCHAHCKOTO CIIPOca OJTHOPOAHA HYJIEBOI CTENEHU IO YPOBHIO MOJIE3HOCTH
¢ MapUIAIMAHCKUN CIIPOC OJHOPOAEH HYJIEBOM CTENEHU MO TOXOLY

21. llenesoit GyHKIIMOHAT B3aUMHOM 3a1a4d — 3TO...
4 TI0JIE3HOCTh UHIAUBHIyyMa

¢ pacxo/pl HHAUBUAYYMA

¢ TOTPEOUTENBCKUM U3IIUIIEK

22. Teopema B3aMMHOCTH YCTaHABJIMBAET B3aUMOCBS3b MEKY...

¢ PEHICHUSMU 3a/1a4 MAaKCUMHU3ALMH MT0JIE€3HOCTH U MUHUMH3ALUK 3aTpaT
¢ XMKCHUAHCKUM CIPOCOM U HenpsiMON (yHKITMEH MoNIe3HOCTH

¢ MapIIaJHaHCKUM CIIPOCOM U HETPSAMOM (pyHKLKEH TOJIE3HOCTH

23. JIns BBIMOTHEHUS TEOPEMBI B3aUMHOCTH (DYHKIUS TIOJIE3HOCTH JTOJIKHA OBITh...
¢ KBa3WBOTHYTa

¢ KBa3WBOTHYTA U JIOKAJIbHO HEHACKINIaeMa

¢ JIOKaJIbHO HEHachIIlaeMa

24. Kakoe u3 HIKENPUBEICHHBIX BRIPAKEHUN HEBEPHO



¢ h(p,u)=v(p,e(p,u))
¢ x(p,R) = h(p,v(p,R))
¢ e(p,v(p,R)) =R

25. Kakoe u3 HUXKeNpUBEIEHHBIX BbIPAXKEHUH BEPHO
¢ V(p.R) = h(px(p.R))

¢ V(p.e(pu)) = u

¢ e(p.u) = V(p.h(ep))

26. IlycTh GyHKIHS TONE3HOCTH WHIANBUAYYMA UMEET BH/T
X1X2, ec xixp < 1
u(x) = 1, ecmn 1 <xixp <2
xxo—1, ecmm xxp =2
Haiinute mapmanuanckuii u xukcuanckuid cripoc. Kak npu nenax (1, 1) OyayT BeI-

TJISIIETD
4 KpUBBIE DHTEJIs,
¢ KpUBBIE XMKCHAHCKOI'O CIIpOCa B 3aBUCUMOCTH OT ITOJIE3HOCTHU?

27. TlokaxuTe, 4TO MPHU POCTE IIEH PACCMATPUBACMBIX OJIar Ha BEIMYUHY Ap TPUPOCT
noTpeOIeHUs] XMKCUAHCKOTO cripoca Al yIOBIETBOPSET COOTHOLIEHUIO
Ap Ah < 0.

28. IIpenmosoxum, 4TO CTPOrO BBITYKJIBIE CTPOTO MOHOTOHHBIE MTPEANIOYTEHUS MIPEACTA-
BUMBI cenapadenbHON (PYHKIMEH MOJIe3HOCTH, IPUYEM IpeiebHas MOJIe3HOCTh JTI000T0
IPOAYKTa KaK YroJHO MaJia MpHU JOCTaTOYHO OONbImNX o0bemax ero morpebienus. Ilo-
KQXKUTE, YTO

¢ BaJbPACOBCKUM M XUKCHAHCKHI CIPOC JAHHOTO MOTPEOUTENS 000N MPOIYKT HE Op-
raHuyeH (T.€. MPU JOCTaTOYHO HU3KOW II€HE Ha NPOAYKT CIPOC HA HEro OKa3blBaeTcs
BBILIIE JIFOOOH Harepe,] 3a1aHHON BEIUYHMHBI;

¢ cucreMa (QyHKIMI XMKCHAHCKOTO CIpOca yJIOBIETBOPSIET YCIOBUIO BaJOBOM 3aMEHU-
MOCTH.

29. KakoBa (QyHKIMS 3aTpaT ¥ KaKOW TUI MPEANOYTCHUNA UMEET MOTPEOUTEINb, €CIH €ro
HenpsaMas PyHKIHUS MTOJIE3HOCTH UMEET BUJ

v(p, R) = A(p) R .

R R .
30. ITokaxure, 9T0 PYHKIUS v(p,, pa, R) = "y T 7, YAOBJICTBOPAET BCEM CBOHCTBAM HEMNps-
1 2

MOW (YHKIIMW TIOJIE3HOCTH M BBIYHCIHTE HAa €€ OCHOBE (DYHKIMIO 3aTpaT W (PYHKIHH
cripoca (MapIIaJlMaHCKOTO M XMKCHAHCKOTO).

31. Haiimure HenpsiMble (DYHKIMH TTOJIE3HOCTH ¥ (DYHKIIMH 3aTpaT JJIs MATH THIIOB TIPE/-
MOYTEHUH, 33/1aBa€MbIX CIEIYIOIUMU QYHKIUSIMU TOJIE3HOCTH:
a. ®ynknueit nonesnoctn Koboa-lyrmaca

u(x) =T x", 0:> 0.



0. Boruyroii anquTUBHON QyHKIMEH MOJIE3HOCTH
n
u(x)=>_ ax,
i=1
B. OyHk1uelt JIeontheBa (6s1ara KOMIIEMEHTaPHBI)
u(x) = min{Xi/, }

r. JIuneitHon pynkmuei (01ara BojiHe 3aMEHUMBI)
n
u(x) = ax;.
i=1
1. KBaswinneitHo# QyHKIue

u(x) = gsi(xi) + X,

32. ITokaxkuTe, 4TO Ui MPEANOYTEHUH MPEIBIAYIIEro YIpaXXHeHUs Henpsamas QyHKIHs
MOJIE3HOCTH M (DYHKIIMS PACcX0J0B B3aUMHO OOpaTHBI.

33. Beruucnute ¢ynknmio cupoca Mapmana u Xukca A QyHKIUH MOJIE3HOCTH U3 YII-
pakHeHHd 31 ¥ MOKaXXUTE, YTO BBIOJIHAIOTCS CIEAYIOIINE COOTHOLLIEHUS

* V(. epU)=U;

) e(p,v (p,R)) =R;

* x(p,R)=h (p,v(p,R));

*  h(p,U)=x(p,e@p,)).

rae x(p,R) — dynkuus crnpoca Maprana, h(p,U) — dynkuus cnpoca Xukca Ha 0Oiaro,

e(p,U) — ynkmus 3arpar, V (p,R) — Henpsmas GyHKIHS TTOJIE3HOCTH.

34. TIpoBepbTe MyTEM MPSIMOTO BBIYUCICHUS, CIIPABEIUBEI JIK Il QYHKIMH yIpakHe-
Husa 31 toxaectBo Pos u nemma Illenapma, cBsa3wiBaronme GyHKIMIO CIIpoca XUKCa H
GYHKIMIO 3aTpaT, a TaKKe COOTHOILIEHUE CBS3bIBAIOIIEEe HEMPAMYIO (DYHKIUIO MOJIE3HO-
CTH U MHOXXHTENb Jlarpanxa s 3aaun noTpeouTers.

35. Ucnonw3ys Teopemy 00 orubaromeii (cM. MaTeMaTHdeckoe MPUI0KEHHUE) TOKKHTE,
4TO

h,‘(p, M) =

de(p, u)
%)

1

ov(p,R)

8R — 3HAa4YCHUEC MHOXKHUTCIIA

36. Vcnonp3ys TeopeMy 00 orubaromieii JOKaKUTe, 9To

Jlarpanka 3ay1auu moTpeOuTesI.

37. llyctb A — Matpunia Ko3HPUIIMEHTOB 3aMEHBI C DJIEMEHTaMHU

ax,-(p, R) 8x,-(p, R)
dij = ap; TR x(p, R).

Hokaxwure, uto pA = 0.

38. IlycTh BBINOTHEH 3aKOH Banbpaca u ¢yHKIMs cripoca OTHOPOHA HYJIEBOM CTEIICHH.
[TycTh, KpoMe TOTO, B 5KOHOMHUKE OOpalaercs TOJbKO JBa ToBapa. J(OKaXKuTe CUMMET-



puuHOCTH MaTpuIlsl CIIyLIKOTO, HE Jenasi MPEAoI0KEeHUs O MAaKCUMU3aIUHN OJIE3HOCTH
norpeduTenem.

39. Ilokaxure, 4TO ecnu Onara KOMIUIEMEHTapHbI, TO 3PQEKT 3aMEHBl OTCYTCTBYET, a
€CIIM TPEANOYTEHHs KBAa3WIMHEHHBI (71 cripoca Ha 0jaro, ypoBeHb MOJIE3HOCTH KOTO-

pPOTO HEJTMHEWHO 3aBUCUT OT MOTPEOJICHHUS ATOTO OJiara) TO OTCYTCTBYET 3P PeKT moxoa.

40. Berancnure ko3P PUIUEHTH 3aMEHBI UTsI CISTYIOUINX (GYHKIUHN TOJIE3HOCTH:

- Ko66a-/lyrnaca, - CES, -JIeoHThEBA,
- TUHEHHOMH, - KBa3WJINHEHHOM,
- aJTUTUBHOM.

41. Matpuua 3aMeHbl IIpH LIeHax p = 1, p» = 2, p3 =6 nmeeT BUA

-10 ? ?
?7 47
3 77

Hailinute mpomyiieHHbIe 71eMEeHTB. MOXKeT U 3Ta MaTpuila ObITb MaTPHIICH 3aMEHBI
palnroOHAIBLHOTO OTPEOUTENS?

1.6. Uumeepupyemocmsb ¢hyHKU UL cripoca: 0CCmMaHo8s/1eHuUe
npednoymeHul

Ha ocHoBe Monenu panoHaIbHOTO MOBEACHHUS, KIIFOUEBBIM 3JIEMEHTOM KOTOPOil sIB-
JSIOTCS MPEINOYTEHUS MOTPEOUTENS, MOXKHO MOCTPOUTH QyHKIMH cripoca. OIHAKO caMu
no cebe mpeanouTeHUs] HeHa0II01aeMbl, U YTOObI UMETh BO3MOKHOCTh ITPOTHO3HPOBATh
Oyaymuii cripoc MpW U3MEHEHUSAX IIEH M J0X07a, HaM HEOOXOIWMO PEHINTh 0OpaTHYIO
3aJa4y: BOCCTAaHOBUTD IMPEANOYTEHUs N0 HabmonaeMomy crpocy. OauH U3 HOJIX0I0B K
€€ PEILIEHUI0 — aHaJlu3 TaK Ha3bIBaeMOM MpOOJeMbl HHTEPIPUPYEMOCTH (B COOTBETCT-
BHUH C METOJIOM €€ PEIICHHUS).

PaccmoTtpum ero moapodHee.

[Ipeanonoxxum, 94TO HaAM HU3BECTHA cucTeMa GyHKIUN crpoca x,(p,R). JIns BoccTaHOB-
JeHus] HempsAMON (YHKIMHM MOJE3HOCTH MOXHO IMPSMO BOCIIONB30BATHCS TOXKIAECTBOM
Pos

_ 9V(p,R) Jv(p.R)
PR == R

paccMaTpuBas 3TO TOXKIECTBO Kak cucteMy auddepeHnnanbHbx ypaBHeHUH. Eciau Obl
MBI CMOTJIM PEUINTh JaHHYIO cHCTeMy U depeHIInaIbHBIX YPaBHEHUH, TO TIOTYYIHITH ObI
HETPsMYIO (DYHKIIUIO TIOJIE3HOCTH. 3HAHUE HEMPSIMON (PYHKIMH MOJIE3HOCTH M CUCTEMBI
GYHKIUNA Crpoca TMO3BOJISIET HAaM COMOCTAaBHTh KaXJAOMY MOTPEOUTEIHCKOMY Habopy,
KOTOPBIH MOXET OBITh BBIOpaH KaK HAWIYYIIU NPU HEKOTOPHIX IICHAaX p W J0Xojae R,
3HAYEHUE MOJIE3HOCTH M0 CIIEAYIONIEMY TPABUITY:

u(x(p,R)) = v(p,R).

OpHako JaHHOE MPABUIIO 33/1a€T MOJIE3HOCTh HE BceX HaOopoB. Tak (yHKINU 1moJie3-
HOCTH u(x], xX2) = min(2x; — X2, 2X, — X1) COOTBETCTBYeT (PYHKIHS CIIpoca, MJIsi KOTOPOM
x1(p,R) = x2(p,R). DTO HE TO3BOJSAET 3a4aTh MOJE3HOCTH JIsI HAOOPOB (X, X2), TAKKX YTO
X1 # X2.



BoccTaHOBUTH (DYHKIMIO MTOJIE3HOCTH Ha MHOXKECTBE IMOTPEOUTEIHCKIX HAOOPOB, KO-
TOpBIE ABJSIOTCS ONTHUMAJIbHBIMH BEIOOpPAMU OTPEOUTENS TIPU HEKOTPHIX LIEHAX U JOXO-
J1ax, 10 MOCTPOCHHON HENpsIMON (PYHKITUH IMOJIE3HOCTH MOXKHO TaK)K€ HAa OCHOBE pellie-
HUs CIEAYIOLIEH 3a1a4un:

V(p, R) — il’lfpE RIH
PxX <R. (#)
ITpu 3TOM B KauecTBe MOJE3HOCTH HabOpa X BEIOMpaeM 3Ha4EeHUE 3TOM 3a1aun —
u'(x)=inf {v(p, R) | peR.., px <R}.
B xauecTBe 10X0/1a MOXKHO B3STh JTH000€ MOJOKUTENbHOE Yncio, Hanmpumep, R = 1. Tlo-
Ka)KeM, 4TO Takas IpolLeaypa KOPpEeKTHa, T.€. Ha €€ OCHOBE MBI MOIydaeM (IIpaBja, HE
JUISL BCEX TOYEK X) MPSIMYIO (YHKIIUIO TOJIE3HOCTH, COOTBETCTBYIOIIYIO JaHHOU V(p,R).

YrBepxkaenue 23. I1yctsb u(.) — GyHKIHS MOJIE3HOCTH, a W(.,.) — COOTBETCTBYIOIIAS
eit Henipsimast pyHKuus none3HocTH. [1ycTs B 3amaue (#) BEKTOp X — ONTUMATBHBIN TO-
TpeOUTENbCKUIT HA0OP TIpH IIeHaX p’ U 1oxoxe R, T.e.

x=x(’, R).
Torna Bextop p’ sBiseTcs pernenueM 3aaaun (#), u v(p',R) = u(x).

okazamenvcmeo:

ITycTh p — NpOU3BOJIBHBIN BEKTOD, SBISIOLIMICS AONMYCTUMBIM B 3aj1ade (#) npu x =
x(p’, R), 1.e. px(p’, R) < R. DT0 HEPaBEHCTBO, C IPYroil CTOPOHBI, 03Hayaet, 9To x(p’, R)
JIOITYCTUM B 33/1a4e MOTPEOUTEINS MPH LIEHaX p U 10Xo1e R. DTOT HabOp HE MOXKET UMETh
OO0JIBIIYIO TIOJIE3HOCTH, YeM Ha00p x(p, R), SBISAIOUIMICA ONTUMAJILHBIM B 3a/1a4€ MOTpe-
ouTelns mpu IeHax p U 1oxoje R, T.e.

u(x(p’, R)) < u(x(p, R)),

WA
v(p',R) < v(p,R).
Ortcioza creyert, 9ro p’ onTuMaieH B 3amade (#) nmpu x = x(p’, R). Takum 06pa3oM Mbl
noxyduid, 9o v(p’,R) = u(x).
|

3ameTuM, 4TO B MPUHIUIE JaHHAS TPOIEAYpa MO3BOJSET MOCTPOUTH «PYHIUIO TO-
JIE3HOCTH» u*(.) Ha MHOJKECTBE BceX HabopoB Oxar. OqHAKO OHA MOKET HE BE3Jle COBIA-
JaTh ¢ UCXOHOM (hyHKIMEH mone3HocTu. Tak, ecam X — BEKTOp, AJIsE KOTOPOro 3ajada
(#) umeeT pelieHHEe, HO KOTOPBIA HE pealn3yeTcsl KaK CIPOC YYaCTHHUKA HY NPU KaKUX
[[eHaX p U 10Xoje R (MpU KOTOPHIX X SIBISETCS TOMYCTHUMBIM B 33Jja4€ TOTPEOUTENs ), TO
u(x) < u(x(p, R)) = v(p,R) ajiga Kaxa0ro p TaKoro, 4yto px < R. B TOM uncne HepaBEeHCTBO
u(x) < v(p,R) BEpHO U AJI1 BEKTOpaA p, SABISAIOUIETOCS pELICHUEM 3aaauu (#), T.e. u(x) <
u"(x). TakuM 06pa3oM, ONMCAHHAS IPOLEYPa HE BCET/A IIO3BOJISIET OIYIHTh HCXOIHBIC
3HAUEHUS MOJE3HOCTH B TOYKAX, KOTOPhIE HE pealiu3yeTcs Kak CIpoC yYaCTHHKA HU TPU
KAaKUX LE€Hax p U J0Xoze R.

XO0Ts MBI HE BCETJ]a MOKEM BOCCTAHOBHUTH (DYHKIIHIO MOJIC3HOCTH MPABUIBHO, OJTHAKO
noJTydeHHast PYHKIUS MOJIE3HOCTH MOPOKAAET TOT KE CIPOC, YTO U UCXOTHAS.




Yr1Bepxnenue 24. [Iycts u(.) — dyHKIMSA MONe3HOCTH, a V(.,.) — COOTBETCTBYIOIIAs el
HenpsiMasi QYHKIUS TOJE3HOCTH U MYCTh u*(.) — IMOCTPOCHA HAa OCHOBE 3ajauu (#) yka-
3aHHBIM BbIIIE criocoOoM. Torma Habop X, ABJISAIOMUIACS PELICHUEM 3a7auil TOTPeOUTENs
¢ (yHKuMeH mone3Hoctu u(.) npu ueHax p > 0 u noxoxae R > 0, sBsieTcs pelieHueM 3a-
Jla4H OTPeOHTENs ¢ (YHKIMCH TONE3HOCTH i (.).

Hoxazamenvcmeo:

[TycTh X — TPOU3BOJIBHBIA MOTPEOUTENBCKHI HAOOD, YIOBICTBOPSIONIMI OHOKET-
HOMY OTPaHUYCHHIO TIPU HEKOTOPBIX IIEHaX p U Joxoe R:

px <R.

PaccmorpuM 3amauy (#) ¢ x = x. LleHbI p ABJIAIOTCS JOIMYCTHMBIME B 3TOM 3aj1ade, a
U’ (X) — 3HAYCHHE ITOl 3a1a4HH. [HosTomy v(p, R) > u (%).

TTockombKy u (¥) = v(p, R), T0 u (%) = u'(%).

|

[TockonbKy CymiecTByeT OECKOHEUYHO MHOTO (DYHKIMI MOJE3HOCTH, OMUCHIBAIOIIMX
OJTHU M T€ K€ MPEANoUTeHus, To AudepeHnnanbHble ypaBHEHUs, TOPOKIaeMble TOXKIe-
cTBOM Posi, HE MO3BOJIAIOT OTHO3HAYHO BOCCTAHOBHUTH HENPAMYIO (DYHKIIHIO TTOJE3HOCTH:
€CIIM 3TU ypPaBHEHUS UMEIOT XOTsA Obl OJHO pEIIeHHE, TO PEeIIeHHH OECKOHEYHO MHOTO.
YroOsl pemieHrne ObUTO €AMHCTBEHHBIM, HEOOX0AUMO HAJIOXUTH JOTOJHUTEIBHBIE Orpa-
HUYEHUS HA HEPAMYIO (YHKIIHIO MOJIE3HOCTH.

B nmpoctoMm ciydae, Koraa U3BECTHO, UTO BOCCTAHABIMBAEMbIE NPEANOYTEHHUS MOTYT
OBITH MPEICTaBICHBI KBa3WIMHEHHON (DyHKIIMEH MONIEe3HOCTH, —

u(xy ey x1) =8(x1, .00 x1) X7, —
TakKasi HOPMHUPOBKA OTPEAEISIETC CAMUM BHIOM (DYHKITHH.

[TpuBenem cHauana XxapakTepucTHKH QyHKIMH crpoca. [Ipeanonaoxum, 4ro s(xi, ..., X
1) — cTporo BorHyrtas auddepeHuupyemas QyHKIHs, U BEIOOp MOTPEOUTENS TPU HEKO-
TOPBIX LIEHAX U J0XOJE COAEPKHUT BCE MPOAYKTHI B IOJIOKHUTEIBHOM KOJIUYECTBE, T.C.
x(p,R) >0. Tornma no Teopeme Kyna-Takkepa Impu HEKOTOPOM TOJIOKUTESITHHOM A BEPHBI

ds
COOTHOWICHAS 5~ = Ap; (i # 1) u p/A = 1. Bynem npeamonarate 6€3 MoTepu OOIIHOCTH,
uyro p;=1. Torma A= 1,u

ds
g(xla "')xl—l) =Di i#l.

OTH COOTHOIIEHUS ONMPEAEAIOT (GPYHKIUIO CIpoca Ha Bce Oyiara, KpoMe MOCIEIHErO.
Otcrona cnemyer, 4To CIpOC Ha ATU OJara He 3aBUCUT OT JOXOJa:
Xi =x{p1, ..y pr1) = xdp-1), i#l.
[Tonb3ysick BUAOM (YHKIIMH CIPOCA, IMOTy4aeM, 4TO HempsaMas QYHKIHS MOJIE3HOCTH
UMEET BH]I

VP LR) = 51D, o x11(p-)) + R— 3 pexi(p-).
ov(p,R) )

av
[Tpu sToM a_R( pR)=1,n p; He 3aBucHUT oT R. [lostomy, unterpupys /-1 ypas-

1

N 1 -1
HeHu Toxnectsa Pos, mo p', ..., p° COOTBETCTBEHHO, MBI MOXEM MOJIYYUThH (C TOUHO-




CTBIO JI0 KOHCTaHThl MHTETPUPOBAHMS) HCKOMYIO (DYHKIHIO V(.) B TI000H JaHHOH TOYKe.
OTMeTuM TakXke, YTO COOTBETCTBYIOLIME MHTETpaibl OyIyT paBHBI U3MEHEHUIO TaK Ha-
3BIBAEMOT'0 MIOTPEOUTENHCKOTO U3JIHIIKA.

Oco0eHHO MpoCTOW 3a7aya BOCCTAHOBIICHUS MPEANOYTECHHM OKAa3bIBAETCS, €CIU U3-
BECTHO (JIOTIOJIHUTENIBHO K KBa3WJIMHEHMHOCTH), 4TO (PYHKIUS MOJIE3HOCTHU cemnapalenbHa,

T.C.
-1

U ey Xp) =Y 55 (X3) + X0,
i=1

VYcnoBus mepBoro mopsiaka Uil 3aadd NOTpeOUuTeNsl B MPEaNoN0KEeHUH, 9TO TOTpe-
OuTens MpHU paccMaTPUBAEMBIX IIEHAX M JOXO0JaX MPEIbsIBISET CIpoC Ha Bce Omara (x(p,
R) > 0), umeroT BUJ

Isi(xi(p)) pi
ax,- - pl'
Ecnu niena mocnennero 6ara paBHa €HHUAIE, TO COOTHOIICHHE
aS,(X,(QH _
o, Pr

(daxTHuecku 3agaetT oOpaTHyI0 QYHKIHUIO crpoca pi(x;). IIpu aToMm cpoc Ha kaxkaoe Oia-
r'0 3aBUCUT TOJIBKO OT €ro LIEHBL, T.€. X; (p) = X; (p;).
Henpsimast pyHKIMS TOJIE3HOCTH UMEET BUJ

V. R) =S s () + R— S pexip),

N3 ToxpaecTBa Pos mosrydaeM COOTHOLIEHUE:

d d d v;
5(p) =~ 5, P B/ S0 R ==3 (p. R) = 5 1(p).

rae vi(p:) = s; (x{(pi)) — pixip;), U, CAEAOBATENBHO,
+oo a ; +oo
- %(t)dt = [x(odr,
Di pl Di
Otkyna
vi(p) = lim,,_, .. vi(py) = j xi(t)dt,
Dpi
1581051

+oo
vi(pi) = [x(n)dt + const.
pi
WuTerpan B mociaejHeEM COOTHOUIEHHH €CTh 10 ONPEJETICHHIO NOTPEOUTENECKUM U3-
JINILIEK:

+oo

CSip) = [xio) dr.
pi
Orcroma

-1 -1
v(p, R) = Z vip:) + R= Z CSi(pi) + R + const.
=1 i=1



MOKHO BOCCTaHOBUTH TaKXe HETMOCPEACTBEHHO NPSIMYI (YHKIUIO IOJE3HOCTH,
MIPOUMHTETPUPOBAB YPABHEHUS YCIOBUI MIEPBOTO MOPSIKA 3a/1a4H MTOTPEOUTEIS
8s,-gx,-§gg,-n _
o, Pr
JlelicTBUTEIBHO,

si () = f pid)dt + 540).

WNHTerpam B 3TOM COOTHOIICHHUH SIBISETCS albTEPHATUBHOU (HOPMOU ompeneneHus
MOTPEOUTENHCKOTO U3JHUIIIKA, I0ATOMY
Si (x,-) = CS,‘(X,‘) + Si(O)
u
-1

u(xy ..., X)) = Z CSi(x;) +x; + const.
i=1

B o0miem ciyuae Ha OCHOBE CUCTeMbI (DYHKIIHM CITpoca eCTECTBEHHO BOCCTaHABIMBATh
TaK Ha3bIBaeMYIO JIEHEXKHYIO MMOJIE3HOCTH L (g, X). BBeeM cooTBeTCTBYIOIINE OIpeiese-
HUSL.

Onpenenenne 22. [leHEeXXHAA NOMNE3HOCTb (g, X) — 3To J0XO0J, KOTOPKIil Tpe-
OyeTcst, 9TOOBI TIPH IIEHAX ¢ TOTPEOUTETH MOT OBl IMETh YPOBEHB MOJIE3HOCTH U(X), T.C.

(g, x) = e(g, u(x)).

Yr1Bep:kaenue 25. JleHexHas MOJIE3HOCTb (g, X) sABIseTCAd (PYHKIMEH MOJE3HOCTH,
T.C

pig, x) > Wg, y) & u(x) > uy).

Hoxazamenvcmeo:

ITo onpenenenuto (g, x) = e(q, u(x)). [loaToMy yTBepKJIeHUE SBISETCS CIEACTBUEM
BO3pacTaHus (yHKIIMU PACXOA0B IO MOJIE3HOCTH (cM. YTBepxaeHue 18 (5)).

|

ITo amamorum c AAaHHBIM NOHATHUCM BBOAUTCA TaK Ha3bIBaCMasd ACHCKHAA HCIpsAMas
IIOJIC3HOCTD.

Onpenenenne 23. [leHeXXHass Henpsimasi NONE3HOCTb u(q; p,R) — 1o 1o-
X0JI, KOTOPBIl TpeOyeTcs, 4ToOb! MpH LIeHaX ¢ TMOTPeOUTETh MOT OBl UMETh TOT XK€ ypO-
BEHb MOJIE3HOCTH, YTO U TPU IIEHAX p, pacroaras J0X0J0M R, T.e.

Ww(g; p, R) = e(q, v(p,R)).

YT1Bepaxnenue 26. JlenexHas HenpsiMasi MOJE3HOCTH [L(q;p,R) sBIseTCS HEmpsiMon
(GYHKIMY MTOJIE3HOCTHU AJIs JCHEKHOM (QYHKIINU MOJIE3HOCTH UL (¢, X).

Hokazamenbcmaeo:




ITo onpeneneHuo JEHEKHON HENPAMOM 1osie3HOCTH U (q; p, R) = e(q, v(p,R)). Kpome

TOTO, [1(g, X) = e(q, u(x)). Ilockomnbky v(p,R) = u(x(p.R)), T0 (g, X(p.R)) = L(q; p, R).
|

ITockoneky WL(q; p, R) = e(q, v(p,R)), TO BEPHO COOTHOLIEHHE

ou(q; p,R) de(q, v(p, R
u(qaqfr ) _ delq avg’ ) _ hiq. v(p.R)) =

1

= xi(qae(qa V(paR))) = xi(qa u (q7 P> R))
Mzl BOCIIOJIB30BaJIUCh 3€CHh TEM, UTO

9e(p,U) _
5~ MU

h(p, U) =x(p, e(p, U)).

Tem caMbIM MBI TOJYYHIIH CHCTEMY AU(QEepeHIIHNaTIbHbIX YPaBHEHUH OTHOCHTEIHHO
HenpsAMol (yHKIUHU TOJIE3HOCTH W (¢; p, R):

Ju(q; p, R
—Mqa—q;Ll =xi(q, L(q; p, R)).

K neil cnenyer 100aBUTH rpaHUYHBIE YCIOBUS
wp;p,R)=R.
U3 teopun nuddepeHnnanbHbIX YpaBHEHUN B YaCTHBIX MPOU3BOJHBIX U3BECTHO, YTO
3Ta cucTeMa UMeeT (JIOKAJIbHOE) pellleHHe TOT/Aa M TOJIBKO TOTa, KOTAa cucreMa (yHK-
LII/II71 CIIpoCa TaKOBa, YTO MaTpHlla

u
dq iaqj 5

CUMMETpHUYHA. DTO yCIOBUE, KaK HECIOXKHO MOKa3aTh, ’KBUBAIEHTHO YCIOBHIO CUMMET-
PUYHOCTH MaTPULIBI KO PUIIMEHTOB 3aMEHBI

9 %
dp,  ORVJJ-

Ecnu y Hac ecth HekoTopasi cuctemMa (GyHKLIUN CIpoca, TO MBI MOXKEM IMOJIYYHUTh pe-
HIEHUE JaHHBIX ypaBHeHHH. OHAKO, MOXKEM JIH MBI OBITh YBEPEHBI B TOM, UYTO CHCTEMa
¢GyHKIHMI cripoca COBMECTHMA C MOJIEIBIO PAllMOHAIBHOTO MTOBEACHUS OTpeOuTens, T.¢.,
YTO CYyHIECTBYET (DYHKIHS IMOJIE3HOCTH, MAaKCUMH3AIMs KOTOPOH MOPOXKIACT TaHHYIO
cucreMy QyHKIUN?

Heo0xoauMele yCIoBHsI TOTO, YTO JaHHas cUcTeMa (PYHKIIM crpoca MOopokKaeHa Mo-
JIENbI0 PAallMOHAJIBHOTO MIOBEIEHUS, HAM U3BECTHBI:

¢ Cucrema QyHKmii cpoca x; (p,R) 0JHOPOAHA HYJIEBOH CTENICHH.

¢ Cucrema ¢Qyskimii cupoca x;(p,R) ynosneTBopsieT 3akoHy Bambpaca (p, x(p,R))=R
(ecnu mpeanOYTEeHUs TOTPEOUTENS IOKATHLHO HeachIIaeMbl).

¢ Marpuna ko3 GHUIHEHTOB 3aMEHBI

ox; 0%
dp, R J.i-

SABJIACTCA CHMMGTpH‘IHOﬁ 1 OTPHULIATCIIBHO HOJIYOHPCI[GJIGHHOﬁ.



Oxa3zpIBaeTcsi, YTO 3TU YCIOBHS SIBJISIIOTCA M JOCTAaTOYHBIMH, T.€. JI0Oas cucrema
(byHKIUH, yIOBIETBOPSIONMIAS 3TUM YCIOBHUAM, MOXET OBITh OPOXA€HA HEKOTOPOH MO-
JIeNBI0 PALMOHAIBHOTO TTOBE/ICHUS.

[IpeamonoxuM, 4YTO paccMmaTpuBaeMas cHucTeMa (DYHKIMH CIpoca YAOBIETBOPSET
TUM ycloBUAM (MBI Oynem mpearnosiarate takxke auddepenunpyemocts x;(p,R)). Pac-
CMOTpPUM, KaKHe CBOMCTBAa QYHKIMH LL(g; p, R), ABISAIOMIEICS pelIeHneM CUCTEMBI Tud-
(bepeHIanbHBIX YpaBHEHUH,

Ju(q; p, R
MLLE 4w p.R) (##)

C TPAaHUYHBIMH YCIOBUSMU
wp;p, R)=R.
CJEeIYIOT U3 3TUX CBOMCTB X (p,R).
¢ Oyuaxuus U (g; p, R) nuddepenunpyema o q.
¢ Oynkuus U(q; p, R) onHOpoJIHA MEpBOM CTENEHU MO ¢ (MOCKOJbKY MPOU3BOHAS
(YHKIMHU TOJIOKUTENBHO OJHOPOJHA CTENEHU 7 TOTJa W TOJBKO TOrJa, Korjga cama
(byHKIUS OJHOPOAHA CTETeHH 1 + 1).
¢ Oyuxnus WU (g; p, R) He yObIBaeT 10 ¢.
¢ Oynkuusa | (q; p, R) Boruyra 1o gq.
ITpenmosoxuM TOMOJHUTENBHO, UTO penieHue U (q; p, R) paccMaTpUBaeMOM CUCTEMBI
€MHCTBEHHO.
Torna Vq, ¢’ BepHO coOTHOIICHHE
wig; p,R)=u(g; p', R) & u(q’s p, D) =n(q’; p's R).
[MTockonbky W (gq; p, R) HempephIBHA TI0 ¢, TO 3TO TApaHTHPYET BhINONHEHUE V¢, ¢’
CJIEYIOIIEr0 COOTHOLIEHUS

wig; p,R)Y>u(q; p',R) = ug; p,R) =u(q’; p', R).

YrBepaxaenue 27. [lycte dynkuus W (q; p,R) muddepeHnupyema, oqHOPOIHA IEPBOU
CTCIICHH, HE YOBIBACT U BOTHYTA IO ¢ U BBIIOJIHEHO
wig; p,R) > 1(g; p', R) = u(q; p, R) > 1(q’; p', R), Vg, 4'>0.
Torna
(1) H(g; p.R) = minyp.r) gx,
rme
Vp, R) = {x>0 | gx>U(q; p, R) Vq>0}.
(2) st IPOM3BOJIBHBIX BEKTOPOB p, p’>0 BBITIOIHEHO
Vip, R) c V(p’, R) wm V(p', R) C V(p, R).

Hoxazamenvcmeo:
(1) U3 cBoiicTB dyukuuu WU (q; p,R) u onpeneneHuss MHoxecTBa V(p, R) cienyer, 4To
V(p, R) HemycTo, 3aMKHYTO U OrpaHu4eHo cHu3y. Eciau ¢ > 0 To 3T ycioBus rapaHTu-

PYIOT CYIIECTBOBAHUE pelIeHHs 3af1auul L (q; p,R) = min. y,z gx. U3 onpenenenus V(p,
R) cnenyer, uto W (g; p,R) < minyey,r gx. Ham TpeOyeTcsa mokaszare, 4TO 3TO COOTHOILIE-
HUE BBINOJIHIETCA KaK paBeHCTBO. [[nst 3TOoro mocrarodyHo mokaszaTh, 4To W (q;p,R)>

MiNyeypz gX. Borayrocts GyHkiwmu [ (q; p,R) 10 ¢ BiedYeT, 4TO AJIs JIOOBIX ¢ U ¢ BbI-
MIOJTHEHO HEPABEHCTBO:




H(q":p.R)< W(g; p.R) + Vo (q; p.R) (G~ q)-
[Tockonbky W (q; p,R) 0qHOPOAHA IEPBOIi cTeNeHH 1O ¢ TOo 1o hopmyre Diinepa

Vol (q:p.R)q = 1(q; p.R),
HO3TOMY TSt JTF000TO0 ¢’

W(q';p.R) < Vu(g;p.R)q .
B cuny toro, uro Vi (gq; p,R) > 0, umeem V,u(q;p.R) € V(p, R). Otcroga cnexyer, 4To
MiNyeypr) X < VU (q; p,R)g = W (q; p,R). Takum o6pa3om, noaydusnn TpedyemMoe paBeH-
CTBO W (g; p,R) = iy gX-

(2) U3 onpenenenust MHOXKECTB V(.) cneayeT, 4To eciu
H(g: p', R)>1(q; p, R) Vg0,

to V(p, R)  V(p', R).

|

IIpuBeeHHOE YTBEPXKACHHUE I103BOJIAET ITOCTPOUTH MPEAIIOYTEHUsS HAa MHOXKECTBE
BCEX TOTPeOUTENHCKUX HAOOpPOB, peamu3yeMbIX Kak crpoc. HecTporoe oTHomeHue
MPEAIIOYTEHUS 3a4A€TCSA 110 CIEAYIOLIEMY IIPABUILY:

x(p,R) =x(’,R) = V(p,R)  V(p', R).

st mpon3BOJIBHON TOUKHU X € R MOCTPOUTH (DYHKIUIO TIOJIE3HOCTH IO MOJTYYEHHOMN
U3 paccMaTpuBaeMoil cucteMbl AuQdepeHInanbHbIX ypaBHeHUl (##) pynkuuu WU (q; p,
R) MOXHO Ha OCHOBE pelIeHUs 3a1a4u (#), KoTopas B JaHHOM CiIy4ae MpuoOpeTaeT cie-
YOI BUL:

H(g; p, R) = inf g/,
PX<R. (##H)
[Toctpoennas GyHKIUS TTOIE3HOCTH
u'()=inf {(q; p.R) | peR., px <R}
OyZeT COOTBETCTBOBATh HAOJIIOIAEMOMY CIIPOCY, HA OCHOBE KOTOPOTO OHA TOJTydeHa, YTo
clIeAyeT U3 CIEAYIOIIETO YTBEPKACHUS.

YrBep:xnenue 28. [lycte pynkmus cnpoca x(p, R) nuddepenimpyema, oIHOPOIHA
HYJIEBOM CTENEeHH, YIOBJIETBOPSET 3aKOHY Banbpaca, matpuiia ko3pUIueHTOB 3aMEHbI
SBJISICTCSI CHAMMETPUYHOM M OTPHIIATEIIBHO MOTYONPEICICHHON U pellieHne CUCTeMBI (##)
€MHCTBEHHO, T.€.

Wig; p, ) =1(g; P, R) = (g’ p, R)=1(q; P's R), Vg, ¢'>0.
Torma, ecnu u (.) MOCTpOeHa Ha OCHOBE 3asiauM (###) npu HEKOTOpOM BekTope ¢>0, To
cipoc x(p, R) Vp > 0, R > 0, aBiiseTcs pelIeHueM 3a1a4i OTPEOUTEN ¢ PYHKIIMEH T10-
JIE3HOCTHU u*(.).

Hoxazamenvcmeo:

Jlokaxxem cHayvasa, 4To u*(x(p, R)) = u(q; p, R). Bextop p saBnsercs AOMYyCTUMBIM B
3amgaue (###) npu x = x(p, R). Ham ocraercs mokasats, uTo 1is J11000r0 Bektopa p’>0,
takoro uto p'x(p, R) < R, BemonHeno W(q; p’, R) > w(q; p, R).

[Tockonbky Gpynkuus \L(q; p, R) Boruyra no ¢, To

wig; p,R) > u(q’;s p, R +(q—q) x(q, 1(q; p, R)).




IIpu ¢ = p, ucnosb3ys 3akoH Banbpaca, umeem, 4To
q'x(p, R) > 1u(q’; p, R) Vp.q.

[Mockonbky R = (p’; p’, R), T0 HepaBeHCTBO p'x(p, R) < R MOXHO TIepeicaTh B BUJIC
p'x(p, R) < u(p’; p’, R). C apyroii CTOPOHBI, MO TOJBKO YTO JAOKa3aHHOMY, p'x(p, R) >
w(@’; p, R). lloatomy mipu p’x(p, R) < R umeem W(p’; p, R) < u(p’; p’, R). Tlockonbky
cucreMa (##) uMeeT eIMHCTBEHHOE PEIICHHE U ATO PEIIEHHE HEMPEPHIBHO, TO OTCIO/A
caenyert, uto W(q; p’, R) > 1(q; p, R).

Hcnonb3ys u*(x(p, R)) = 1 (q; p, R), HECIOXHO MOKa3aTh, YTO u*(x(p, R)) > u*(x) TSt
ar060ro Habopa X, TAKOro 4YTO pXx < R.

|

[IpuBeneHHbIEC BBIIIE HEOOXOAUMBIE M JJOCTATOUYHbIE YCIOBUS MHTEPIPUPYEMOCTH TO-
3BOJISIFOT Ui 33JaHHOM SIBHO CHCTEMBI (DYHKLHUH CIIpoca OMpPEAETUTb, COBMECTHMA JIU
OHa C MOJICNIBIO PAIMOHANBHOTO MOBeIeHHs moTpeduTensa. B cutyarmu, xoraa HaMm goc-
TYITHO JIMIIb KOHEYHOE YMCIIO 3HAaYeHUH (YHKLIUU CIpOca, MOJTYYEHHBIX Ha OCHOBE Ha-
OmoneHnit 3a (aKTUYECKUM TOBEJCHUS MOTPEOUTENS, TPOBEPUTH COBMECTHMOCTD 3THUX
HaOJIOICHUI ¢ MOJIENBIO PALlMOHATIBHOTO MOBEIEHUS IMO3BOJSET TaK Ha3blBaeMasi KOH-
LeNIUs BBIABICHHBIX NpeAnodyTeHuil. OCHOBHBIE €€ MOJIOKEHHs MPUBOJATCS B CIEIYIO-
meM naparpade.

Tecmbl u 3a0auu 013 cAMOCMOAMEIbHOZ0 PEUICHUS

1. JImst kKakaoro moTpeOuTeNbcKoro Habopa X U BEKTOpa ILEH p omnpeaenuM (yHKIIHIO
m(p, X) KaK MUHAMAJIbHYIO CTOUMOCTD MOTPEOUTENHCKOT0 Habopa, MOJIe3HOCTh KOTOPOTO
HE HIDKE, YeM MOJIE3HOCTh Habopa X, T.€. KaK 3HaYCHHE CICAYIOIICH 3a]auH:

pz — min

u(z) = u(x).
[TokaxkuTe, 94TO TPU KaKJIOM (ITOJIOKUTEITFHOM) BEKTOpE IIEH p TOTydYeHHAsk XapaKTepu-
CTHKa OTPEOUTEIHCKUX HAOOPOB MPEACTABISIET COO0N (PYHKITHIO MOJE3HOCTH JIJIsi COOT-

BETCTBYIOIIUX TpeamnouyTeHuit. Jlaire rpaduyeckyro MHTEPIpETAIHIO MpoIecca ee Io-
CTPOEHHUSI.

2. [lyctp pynkmus u(.) — GyHKIUSA TOJIE3HOCTH, TIPEACTABIISIONIAS CTPOTO BHIMYKIIBIE

CTPOTO MOHOTOHHBIC TIPEANIOYTEHHS, V(.) — COOTBETCTBYIOIIAsl HempsiMasi QYHKIUS T10-
3k 3k

ne3noctu. [TokaxuTe, 4To eciu ¢ (.) MOCTpOeHA Ha OCHOBE 3aaauu (#), To u (x) = u(x) V

xXc Ri+

Vkazanue: Mcnionb3yiiTe TeopeMy OTACIUMOCTH (CM. 10Ka3aTeIbCTBO YTBEPKICHUS O
BOCCTAaHOBJICHUH TEXHOJIOTUYECKOTO MHOXECTBa MO (YHKUUU NpUOBLIM). MHOXKECTBO
L (x)= {y | y> X } MOXXHO OTHENTUTH OT TOYKHU X. [IOCKONBKY MPEANOUYTEHHS CTPOT'O MO-
HOTOHHBI, TO HOPMAJIb P K OTJAEJSIONIEH THIEepPINIOCKOCTH — BEKTOP € MOJIOKHUTEIbHBIMH
kodpunuentamu. Toraa p — pemienne 3agauu (#).

3. [lycte pynkuwms e(p, U) nuddepenupyema, oqHOPOIHA IEPBOIA CTETIEHHU, HE YOBIBACT
¥ BoruyTta no p. Onpeaenum GyHkmuio u(.) mo popmyine



u(x) = U, ecin 3 U, p>0, takue uto x = V, e(p, U).
u(x) = —co B IPOTUBHOM CIIy4ae
[Toxaxute, uto e(p, U) — QyHKIMS 3aTpaT 11 QYHKIUU TOJIE3HOCTH u(.).

4. Ilyctb ¢yHKuus u(.) — QYHKIHS TOJIE3HOCTH, MPEACTABIISIONIAs CTPOrO BHITYKIIBIE U
CTPOr0 MOHOTOHHBIE MIpeANOoYTeHus, a e(p, U) — cOOTBETCTBYIOIIAs el (yHKIUS 3aTpar,
h(p, U) — xukcuaHckasi GyHKIUS crpoca, a x(p, R) — Mapauimanckas GyHKIUs CIpo-
ca. OnpenenuM MHOKECTBO

X={x|3U,p>0:x=V,e(p,U)},

¥ QyHKIHO u (.) o hopMyIe

u(x)=U, ecnu xe X,

u(x) = —co B IPOTUBHOM CITy4ae.

Iycts e (p, U) — ¢ynkuus 3atpar, i (p, U) — XuKcHaHcKas (GyHKIHsS CIpoca, a
xi(p, R) — mapmannuanckas QyHKIUS CIpoca, COOTBETCTBYIONINE (PYHKIIMH MOJIE3HOCTH
u ().

ITokaxuTte, 4TO

u*(x) =u(x),xe X,

e (p,U)=e(p, V),
h (p,U) = h(p, U),
x (p,R) =x(p, R).

5. llycte pynkuwms e(p, U) nuddepenupyema, oqHOPOIHA IEPBOIA CTETIEHHU, HE YOBIBACT
u Boruyra 1o p. Torna
e(pa (]) = minxe V(U)px>
rae
V(U) = {x=0 | px=e(p,U) V p>0}.

6. Ilycth u(x) — QyHKIUSA MONE3HOCTH. BhryuciuTe s Hee HEMPAMYIO (PYHKITUIO TIO-
JIE3HOCTH, PEIINUTE 3a1a4y (#) U BBIYUCIUTE "BOCCTAHOBJICHHYIO" (DYHKIIMIO TTOJIE3HOCTH
u*(x). CoBmazaer a1 OHa ¢ UCXOMHOM (yHKIMEH mosie3HOCTH? PermmTe 3amady nis cie-
JOYIOMIUX (QYHKITUH ITOJIE3HOCTH:

i

a)u(x)= Y oy lnxy; 0) u(x) = min ; 0 Xy;
k=1
B) u(x) = min(2x; —xz, 2x, —X1); r) u(x) = \3/x1x2 + Xx3.

7. Jns GyHKIHA MONE3HOCTH MPEIbIAYIICH 3a1auyd HalAUTe JEHEKHYIO (PYHKIMIO TI0-
JIE3HOCTHU W HEMPSAMYIO JCHEXKHYIO (DYHKITHIO MTOJIE3HOCTH.

8. Jlna byHKIMIA MONE3HOCTH MPEIbIAYIICH 3a1aud HaWIUTE CIpPOC, BOCCTAHOBHUTE HE-
PSIMYIO JIEHEXKHYI0 (DYHKIIUIO TTOJIC3HOCTH, PEIINB ypaBHeHUS (##) m mocTpoiiTe "Boc-
CTAaHOBJICHHYIO" (DYHKIIMIO MMOJIE3HOCTH u*(x) B COOTBETCTBHH C 3anaueii (###). [IpaBuiib-
HO JIM BOCCTAHOBJIEHBI MCXOJHBIC mpeamnoutreHusi? Haliaure crnpoc, COOTBETCTBYIOLIUMA
(GYHKIIUM TTOJIE3HOCTH u*(x). CoBmaaer 1 OH ¢ UCXOIHBIM CITpocoM?



9. IIpennonoxuM, 4YTo Ha PbIHKE OOpAIAalOTCsA TPH TOBApa M II€HA TPETHETO TOBapa

paBHa 1. @yHKIMHU cipoca Ha IEPBBIN U BTOPOM TOBAp UMEIOT BU]L

x1(p, R) = a1+ b1 p1+c1pr+di pipo,

x2(p, R) = ax+ by p1+ca2pr+daprpo.
Haiinute QyHKIMIO cripoca Ha TPETUH TOBap B MPEAINOJOKEHHH BBITIOJIHEHUS 3aKOHA
Banbpaca. @yHKIUS MONE3HOCTH KaKOro BUAA MOIIa Obl MOPOAUTH ATOT cripoc? Kakue
OTpaHUYEHUS Ha MapaMeTpbl FapaHTUPYIOT, YTO ATO (YHKIHUS CIPOCA PALMOHAIBHOTO
norpeduTens?

1.7. KoHuyenuyus ebisiesIeHHbIX npedno4YymeHul

PaccmoTrpuMm psan cutyanuii BeIOOpa, ¢ KOTOPBIMU CTAJIKUBACTCS pacCMaTpUBAEMBIi
norpedutens. B i-if cuTyanuu 3agaHbl LEHBI p; U HA0OpP X;, KOTOPbIA BBIOpas morpedu-
TEJIb IPU JAHHBIX IICHAX.

[Ipenmnonoxum, 4to pix; = pixz. VI3 3TOro HepaBeHCTBA CIEAYET, YTO HAOOP X, ObLI
noctyneH B 1-i cutyanuu BeIOOpa (IpW LEHAX p; UMEIOLIUICS y TOTPEOUTENs JOXO
MO3BOJISUT KYITUTH 3TOT HaOOp), HO HE ObUT BBIOpaH. DTO 03HAYAET, YTO B CHUTYallUH, KO-
r71a BBIOOp MOTPETUTENS] OCHOBAH HA TIOJHOM M TPAH3UTUBHOM OTHOILEHHH MPEANOYTE-
HUS, X2 HE MOXXET OBITh Jydllle BbIOpaHHOro Habopa x;. Takum o0Opas3oM, eciu BBIOOD
ObUT palMOHAJIEH, TO JOJDKHO BBIMOJHATCS OTHOLICHUE X| > X;. M3 3TOr0 OTHOIICHUS U
JIOKaJIbHON HEHACBHIIIAEMOCTH MPENNOYTeHUN MOTPEOUTENS CIEeIyeT, YTO PrX| HE MOXKET
OBITH MEHBIIIE PyX,. Ecin x| > Xx;, TO 310 oueBUAHO. [Ipeanonoxum, 4ro x| ~ X;. Eciu Ob1
P2X1 <PrX2, TO HAIIUIaCh OB OKPECTHOCTh TOUKHU X|, BCE TOYKU KOTOPOIl TOCTYIHBI BO 2-i
CHUTYyalllu BBIOOpPA, @ B 3TOW OKPECTHOCTH Halesncs Ob1 Habop, JTyUIIHiA, 4YeM X;.

Taxum 06pa3zom, MpH parMOHATILHOCTH MOBEJCHUS U JIOKAJbHOW HEHACHIIAEMOCTH 3
P1X1 2 P1X2 CICOYET, UYTO PrX| = PaXo.

AHQJIOTUYHO YCTAHABJIMBAETCS CIEAYIOIIEE COOTHOLICHHE: U3 PiX| > PiXy CIEIYeT,
4TO porX1 =~ PaXo.

Ecnu 10mOMHUTENBHO MPEATNONIOKUTh, YTO BBIOOp MOTpeOuTENs Be3le OJHO3HAYCH
(HampuMep, B TPEANOJIOKEHUN CTPOrOM BBIMYKIOCTH OTHOLICHHS HPEANOYTEHHUS) TO
€CIIU X| #X3, TO, IPUMEHSS aHAJIOTHYHBIE PAcCyXKACHUS, MOXKHO JJOKa3aTh, YTO U3 PiX| >
P1X2 CICOYET, 4TO porXi = PaXo.

Onpenenenne 24. ToBopsaT, 4To (GyHKIHSA cripoca Xx(p) yaosiaeTsopser CNabon ak-
COME BbIABIIEHHOINO NPeanoOYTEeHUs, eciu st m060i mapsl (pi,Xx1), (p2,Xx2)
Takou 4to x1=x(p1), X2=X(p2), U3 TOTO, UTO P;X| = p|X; CIEAYET, UTO P X| = p2X2. Apy-
TUMH CIIOBaMH, cliabasi akcuoMma TMOCTYIUPYET, YTO HEPABEHCTBA P1X| = P1 Xy U Pr Xy >
P2X| HE MOTYT OBITh BEpHBIMH OJHOBPEMEHHO.

[ToTpeOuTenbckuii BIOOp TPENCTBISAECT YaCTHBIA CIIydail BBIOOpa, KOTJa CHTyaIluu
BBIOOpA OMUCHIBAIOTCS OFOKETHRIMUA MHOXeCTBaMH B(p, R), a mpaBuia BeIOOpa CTaBAT C
cootBeTcTBUE B(p, R) BHIOpaHHBIN MOTpEeOUTENIEM MPU JAHHBIX IIEHAX MOTPEOUTETHCKHMA
Habop. 3ameTnM, 4TO cjabas akCHOMa BBISBICHHBIX MPEANOUYTEHUNH — mepedopMyu-
POBKa Ha JAHHBIN CITydail akCHOMBI XayTeKKepa.



N

Onpenenenne 25. [oBopar, uto ¢yHKuUs crpoca x(p) ynosiaeTsopser CUITbHOM
aKCnMomMme BbldBJI1€HHbIX I'IpeLl,I'IO‘—ITeHVIVI, ecly A JIF000M MOCIEN0BATEILHOCTH
P1, X1, D2, X2, ..., Pn, X TAKOM UTO X;=X(p;), U3 TOTO, YTO

pP1x1 = pix2
D2X2 =2 Pax3
pnfl Xn-1 >Pn71 Xn

CIenyeT, UYTO P, X1 = PnXnp.

Yr1Bep:kaenue 29.
Ecnu BBIOOpHI MOPOXKAEHBI MOJAENBIO PAlMOHAIBHOIO MOBEIEHHUS, TO BBHIMOIHIIOTCS
CUJIbHASI U ci1a0asi akCHOMBI BBISIBJICHHOTO TIPEIOYTEHUS.

Hokazamenbcmeo:
Craboe CBOMCTBO MBI JJOKa3aJy BhINIE. Teneps JOKaKeM CHIIBHOE.
[Ipenmnonoxum, 4To

D1X1 2 D1X2, PaXo 2 PoX3, ooy PuiXn1Z PruiXn.

Torna x;+; > X; Vi. [1o TpaH3UTUBHOCTH NIPEANOUTEHUH X| > X,,. TOTHA P, X| = P Xy
[

AHaJIOTHYHO YCTaHABIIMBACTCS CIICIYIOIICE

Yr1Bep:kaenue 30.

Ecnu BpIOOpHI MOPOXKIEHBI MOJIENBbIO PAIMOHAILHOTO MOBEACHUS C JIOKAJIbHO HEHa-
CBII[AEMbIM HECTPOTUM OTHOIIEHHWEM MPEANOYTEHHUS], TO BBIMOIHIIOTCS CHJIbHASA U Clla-
0ast aKCHOMBI BBISIBIEHHOTO MIPEANIOYTEHUS B CAeAyIOmEer MOANGUIIUPOBAHHOMN dopme:

Jnst mi060¥ TTOCIeI0BaTeIbHOCTH P, X1, P2, X2,...,Pn Xy, TAKOH 4TO X; = X(p;), €CIIH

Dix1 2 pixo
D2X2 2 X3
Pn-1 Xu-1 > Pn-1 Xy
puyYeM XOTS ObI OJTHO U3 3TUX HEPABECTB CTPOTOE, TO

PnX1 >ann-

Hokazamenbcmaeo:

ﬂOKaSaTeJ'IBCTBO OCTaBJIACTCA YUTATCIIIO B KAUCCTBC YIIPAXKHCHUA.
|

Taxkum o6pazom, mrobas cuctema QYHKIHMKA CIIpoca, MOPOXKACHHAS MOJIEIBIO PaIfo-
HAJILHOTO TIOBEJICHHUS, YIOBJICTBOPSET CHIBHONW aKCHOME BBISIBJICHHOTO MPEIIOYTCHUSI.
OkasbIBaeTcs, BEpHO U 00paTHOE YTBEPKIEHUE: €CITM BHIOOPHI MOTPEOUTEINSI YIOBIETBO-
PSIIOT CHJIBHOW aKCMOME BBISIBJICHHBIX TNPEANOYTEHHN, TO CYIIECTBYET MPEIIOYTCHUS,
MOPOXKAAIOITUE ITU BBIOOPHIL. (SICHO, YTO Takwe MPEANOoYTEeHUs HE €IUHCTBEHHBI). Jloka-
3aTEJICTBO ATOTO YTBEPKACHUS IOCTATOYHO TPOMO3/IKO M MBI €T0 YITYCKAeM.



Tecmbl u 3a0auu 013 cAMOCMOAMEIbHO20 PEUICHUS

1. ®yHKIHS CcIIpoca PaMOHAIBHOTO TOTPEOUTENS YAOBIETBOPSET. ..

¢ Kak cnaboi, TaK ¥ CUJILHOW aKCHOMaM BBISIBIICHHBIX MPEIOYTEHUN

4 TOJILKO CJTa00M aKCHOME BBISIBIICHHBIX MPEIMOYTEHUN

¢ CUJIBbHOW aKCMOME BBISBIICHHBIX MPEANOYTEHU TOrAAa M TOJBKO TOTrAa, KOTAa Mpem-
MMOYTEHHS TOMOTCTUUHEI

2. UnpuBuayym npu nieHax (4, 6) Beioupaet Habop (6, 6), a npu 1iesax (6, 3) oH BeIOUpa-
et Habop (10, 0). Ero moBenenue:

¢ YIOBJIETBOPSET aKCHOME BBISIBJICHHBIX MPEANOUTCHUA;

¢ He yJIOBJIETBOPSIET aKCHOME BBISABJICHHBIX MTPEANOYTECHUH;

¢ He JOCTAaTOYHO MH(OpMAIUH.

3. UanuBuayym npu 1ieHax (4, 6) Beioupaet Hadop (6, 6), a npu 1iesax (6, 3) oH BeIOUpa-
et Habop (10, 10). Ero moBenenwue:

4 HE COIJIacyeTcsl C aKCMOMOM BBISIBIICHHBIX MPEANOYTCHUM;

4 HEBO3MOXKHO CKa3aTh ONPEIEIEHHO;

4 COrJacyercsl C akCMOMOM BBISIBIICHHBIX MPEANIOYTECHH.

4. Ilpu uenax (1, 4) Be160op moTpedutenst 661 (2, 3). DTOT HAOOP BHISIBICHHO MPEATIOYH-
TaeTcs Habopy

¢ (5,2

¢ (8,1

¢ (15,0)

5. Kakoe u3 HuXKenpruBeIeHHBIX YTBEPKAECHUI HEBEPHO

¢ UHAMBUYyalIbHAS (DYHKIHMS CIIPOCA PAIlOHAIBHOTO MOTPEOUTENsI BCETAa YIOBIETBOPSI-
€T aKCHOMaM BBISIBIICHHOI'O IIPEAIIOYTECHUS

¢ arperupoBaHHast (YHKLHUS CIIpOCa BCErZa YIOBJIETBOPSET AKCMOMaM BBISBJICHHOTO
IIPEATIOYTEHUS

¢ UHAMBUYyalIbHAS (DYHKIHMS CIIPOCa PAllMOHAIBHOTO MOTPEOUTENsI BCETAa YIOBIETBOPSI-
eT cnaboil akCMOMOM BBISIBJICHHOTO MPEANOYTEHHS, HO HE YJOBJIETBOPSET CHUIIBHOM akK-
CHOME

6. IIpu nenax (2, 1) Be16op morpedutens 66u1 (2, 2). DTOT HAOOP BHIABICHHO MPEANIOYH-
TaeTcs Habopy

¢ (1,5)

¢ (5,0)

¢ (0,5)

7. COBMECTHMBI JIH C MOJIEIBIO PAllMOHAIBHOTO TIOBEJCHUS C JIOKAJIbHO HEHACHIIIAeMOi
(byHKIMEH MOJIE3HOCTHU CIIEAYIOINE HAOIIOICHHS PHIHOYHOT'O TIOBEJCHUS TOTPEOUTENS:
x(10, 10, 10) = (10,10, 10); x(10, 1, 2) = (9, 25, 7.5); x(1, 1, 10) = (15, 5, 9)



(t.e. cnpoc npu nenax (10, 10, 10) paBen coorBercrBenHo (10, 10, 10) u T.1.).

8. PanuoHaNbHEIA TOTPeGHUTENs B 0A30BOM MEPHOE MPH IeHaX p’ BEIOpam o6beM Imo-
Tpe6nenns x”, a B mepuone ¢ npu uenax p’ BEIOpan oGbeM moTpebnenns x . MHIeKch
(pusmueckoro oovema) ITaame u Jlacneiipeca 1o onpeneneHuIo paBHbI

t t b t
PGy ey

(P x")
Kaxoit u3 Ha6opoB X', X TydIe AJis MOTpeOuTens
(a) ecin Py> 1, (6) ecnmu L,> 1.

9. Ilycts Py, L, — unpaekcsl (1eH) Ilaame u Jlacnelipeca, a M — oTHoLIEHHE NOTPeOHU-

TEJIbCKUX PAaCXO0/I0B B NMEPHOJ ¢ K OTPEOUTENBCKUM pacxoiaM B 0a30BOM MEpHOIE:
t

t
. X)
M= ,
P, x")
Kaxkoii 13 Habopos x”, x® nyume s morpeburens
(a) ecu Py> M, (6) ecmu L,> M.

10. ITokaxkuTe Ha mpUMepe, 4To (HYHKIHUS COBOKYITHOTO CIIPOCA, MOJyYeHHAs HA OCHOBE
CYMMHPOBaHHSI KOHEUHOTO YHCIa MapIIAUTHAHCKUX (YHKIMH crpoca, BOOOIe TroBops,
HE YJOBIETBOPSET CIa00N aKCHOME BBISIBJICHHBIX MPEANOYTCHHA.

11. ITokaxkuTe, 4TO €CIU MPENNOYTCHUS TOTPEOUTENeH OUHAKOBDI, a MPEICTaBIIAIONIAs
uX (YHKIUS MOJIE3HOCTH — HETPEPBIBHASL CTPOrO BOTHYTAS U MOJOXKHUTEIBHO OJHOPO/I-
Hasl TEepBON CTENEHH, TO (QYHKIUS COBOKYITHOTO CIIPOCA YAOBJIETBOPSET aKCHOME BBISB-
JIEHHOTO IIPEAIIOYTECHUS.

12. B ciyyae nByX TOBapOB CIPOC 3a1a€TCs CIEAYIOIUMU GYHKIUAMHU
22 41 R

xl_p3 xz__p3 x3_p3
a) MPOBEPHTE UYTO JaHHAs cUcTeMa (YHKLUI CIpoca yIOBIETBOPSET 3aKoHy Banmbpaca
¥ OZJHOPO/IHA HYJIEBOH CTENEHHU O [IEHAM U JI0XOJy.
0) MOKaXuTe, 4TO JUI TAaHHOM CHCTeMBbl (DYHKIMN CIpOca HEe BBIMOJHACTCS ciaaldas ak-

CHOMaA BBIABJICHHBIX HpGI[HO‘-ITCHI/Iﬁ

13. JlokaxxuTe, 4YTO €CJIM MPEANOYTEHUS TOTPEOUTENST MOHOTOHHBI M CTPOTO BOTHYTHI, TO
ero (QpyHKIIH cIipoca yIOBIETBOPSIET CIa00l aKCHOME BBISIBJICHHBIX MPEATIOYTECHHA.

1.8. OuyeHka usmeHeHuUs1 6J1a20COCMOSIHUSI.

[lepen >KOHOMHCTAMHU YacTO CTOWT 3a/iada OICHUTh M3MEHEHHS B OJaroCOCTOSHUU
notpeduTeneii mpu NpoBeIeHUN MEPONPUATHI IKOHOMHUECKOW MOIUTUKH. PaccMoTpum
JIB€ CUTYyallMH (10 TPOBEICHUS] MEPOINPUSATUNA SKOHOMUYECKOW MOJUTHUKU U mocie). B
NEPBOI UX HUX MOTPEOUTENb CTAJIKUBACTCSA C IEHAMU po u noxomom R°, Bo BTOPOH — C
HeHaMH p1 U TOXOJI0M R'. ITycTe mpu neHax pO U JI0XO0Je R° HenpsiMast QYHKIUS 1OJIe3-



HOCTH NOTpeduTeNs paBHA v(pO,RO), a Ipu (pl,Rl) — v(pl,Rl). Ecmn v(pO,RO) <v(p' R,
TO BTOpasi CUTyalus 6onee GraronpuaTHa st motpedutens, a ecmn v(p’,R%) >v(p' RY),
TO MeHee OJlaronpusTHa.

Boo061ie roBopsi, Mbl MOXKEM TOBOPHTH JIMIIL O HANpaBIEHUH W3MEHEHHs 0iarococ-
TOSIHUS, @ HE OLICHUBATh €r0 BeNIWYHHY. M, TeM He MeHee, ITPH pacueTax U3JEPKEeK U BbI-
TOJl MEPOIPHUIATUNA HKOHOMHUYECKOW IMOJUTHKU TBITAIOTCA IMOJYYUTh KOJIHMYECTBEHHBIC
OLIGHKM TaKuX H3MeHEeHuH. [Ipu 3TOM HCHONB3YIOTCS BBEACHHBIC BBIIIEC ICHEKHBIC
¢yHKIuu nonesHoctu. OnuieM Mpoueaypsl UX UCHOIb30BaHUSA U BO3HHUKAIOIINE 371ECh
poOJIeMBI.

Henpsimyio ¢GyHKIHIO MOJIE3HOCTH MOXKHO OIPEEIIUTh Ha OCHOBE JII0O0T0 «0a30BOT0»
BeKTOpa 11eH ¢>0. OneHka u3MeHeHus 01arocoCTOsIHUS TP ATOM OyJeT paBHa

Au(g) = u(g.p'.R ") ~ (g, p’.R").

3navyeHue AU(q), BOOOIIE TOBOPsI, MOKET OBITh PA3TUYHBIM ISl Pa3HBIX BEKTOPOB ¢, U
MO3TOMY COOTBETCTBYIOIIME OIEHKHM H3MEHEHMs OJIarOCOCTOSIHUS COJEpXKAT 3JIEMEHT
cyObekTuBU3Ma. VCKiIoueHHeM SIBISIOTCS KBAa3WJIMHEHWHBIEC MPEANoYTeHus (Mpeamnoure-
HUSI, KOTOPBIE ONMCHIBAIOTCS KBAa3WJIMHEHHON (yHKIMeN moje3HocTH). B atom ciyuae
BCE MepbI 0JIATOCOCTOSHUS SKBUBAJIECHTHBI C TOYHOCTHIO JI0 TIOCTOSSHHOTO MHOXHTEIS, a
B Cllyyae, KOTJa ILieHa IOCJIeAHero Ojara paBHa equHHIe (TOcieaHee OJaro siBIseTCs
numeraire), OHU COBIIAJAIOT.

[Tokaxxem 3T0, BEIYMCIUB ALL(q) A7 KBa3WIMHEHHON (QYHKIUHU TOJIE3HOCTH

UX1y ooy X)) = 8(X1, 00y X21) T X7,
co cTporo BorHyToi muddepeHnupyemMoit GyHKuen s(.) B IpeanoNoKeHuu, 9to p;= 1.
BcnoMHuM, 4TO B 3TOM citydae HenpsiMasi GyHKIUS TOJIE3HOCTH UMEET BUT

-1
v(p-i,1,R) = s(x1(p-1), ..., xi-1(p—1)) + R — Zp,-x,-([LD.
i=1

[Tonp3ysach COOTHOIIEHUSIMH JBOWCTBEHHOCTH MOJy4aeM, YTO (YHKLHUS PacxoaoB B
CiIy4ae KBa3WIMHEHHBIX MIPEAIOYTEHUN UMEET BUJL

e(p,U)=U—s(x(p-1) + p-1x4(p-1).

[To ompenenenuio HENPSAMON AEHEKHOH (PYHKIIMH MOJIE3HOCTH

g, p, R) = e(q.v(p, R)),
ITosToMy
g, p, R)=v(p, R) —s(x_1 (1)) + q-1x1(q-).
ITo onpenenenuto A(q) nMeeM, 4TO
Au(g) =w(g. p'.R") — (g, p".R*) =v(p' R") —s(x (g 1) +
+qx(q-)—v(p'.R%) +s(x (g-)) —q1x1(q1) =
=v(p'.R")—v(p"R").

B obmiem ciydae, korja 3HaueHue A(q) 3aBUCUT OT BBIOOPA ¢, €CTECTBEHHBIMH KaH-
JUaTaMi Ha BBIOOpP BEKTOpa ¢ TMPENCTABISIOTCS CIEAYIOIINE CHCTEMBI LIeH — IICHBI B
NEepBOH CUTyallMH (10 U3MEHEHUI) — pO U LEHBI N10CJIE U3MEHEHUH — pl. B nepsom
cilyyae IOJIyYMM MEpy M3MEHEHHUs OJIarOCOCTOSHUS, Ha3bIBAEMYI0 SKBHUBAJICHTHOW Ba-
puanueii (EV), a Bo BropoM — Mepy U3MEHEHHUs1 0JarocoCTOSHHS, HAa3bIBAEMYIO KOM-
neHcupyromei Bapuanuu (CV).

Onpenesenne 26.



OKBMBaneHTHas BapuvaunA — s1o takoe U3MEHEHHME 10X0/Ja, KOTOPOE I03BO-
Js€eT B 0a30BBIX HCHAaX IMOJYYUTH TY KC MOJICBHOCTDH, UTO U IMOCJIC W3MEHCHMI:
vp", R+ EVQ', R, p', RD) =v(p', R ).

3ameTuM, 4To u(po, p'.RY=e(p’ v(p', R")) — noxon, nocrarounsiii ;s TOro, 4TOGbI
npu eHax p’ 06eCIednTh JAHHOMY TTOTPEGHTEINIO TAKOM JKe YPOBEHB TMONIE3HOCTH, KK I
B CHTYALIMH TIOCIE M3MEHEHHil (T.e. mpu ueHax (p') u goxoxe R'). ITostomy, ecin BOC-
MOJIB30BaThCS TOXKIECTBOM V(p, e(p,U)) = U MOXHO AaTh SKBUBAJICHTHOW BapHaIluy He-
CKOJIBKO JIPYyTo€ OIpeJieiIeHHE:

EVQP®, R, p', R =e(@’v(p',R")) -R".

TakuMm 006pa3oM, MOXKHO ONPEENIUTh SKBUBAJICHTHYIO BapHUallli0 B TEPMHUHAX HEMps-

MO# (YHKITUU TTOJIE3HOCTH, U3MEPEHHOM B JIeHbraX MpHU § = pO:

EVE’, R% p', R" =u@", p'.R) - R°=p@’, p'.R") —u@" p’.R".

Onpenenenue 27.
KOMI‘IeHCVIpy}OLLI,aﬂ Bapunauna — sro takoe U3MEHEHUE 10X0aa, KOTOpOE Io-
3BOJISIET B HOBBIX 1I€HAX JOCTUTHYTh YPOBEHB MOJE3HOCTH CTAPOM CUTYallUHU:

vp’, R =vp',R'-CV(@’, R’ p',R")).

ITo onpenenennio JeHEKHON HENPSAMON (DYHKIIMU MOJIE3HOCTH },L(pl,pO,R 0 = e(pl,v(po,
R ")) — noxos, 10CTATOUHBI TS TOTO, YTOOBI MPH LEHAX p' 0OECIICUHTh JAHHOMY ITO-
TpPEeOUTEIIO TAKOH K€ YPOBEHb IOJIE3HOCTH, KaK M B CUTYAIlMH 1O U3MEHEHHH (T.e. Ipu
nenax p’ u noxoxe R’). TI03TOMy KOMIICHCHPYIOIIYIO BAPHALMIO MOXKHO BBIDA3HTH B
TEpMUHAX JACHEKHON HENPSIMON (YHKIIUH MTOJIE3HOCTHU TIPH ¢ = plz
CVQE’, R p', R =R " = e(p'v(p", R®) =R ' - u(p", p".R") =
=u@', p.RH-ue' pR").

PaccMOTpuM COOTHOIIIEHHE MEXy STUMH MEPAMHU B IMPOCTOM CIy4ae, KOTJaa U3MEHsI-
€TCSl TOJNIBKO IIeHA OJHOTrOo OJyiara (Cirydaid, KOTOPBIH HMHTEpPECYeT HAC MpPHU aHaIHM3e T0-
CJIEJICTBUI HAIOTOOOIOKEHUS).

R°=R'=R, p{>pl, p}=Ps. P, =P}

0603naunm 1’ = v(p’, R?), u'=v(p', R"). OueBunno, uro u’ < u'.

EVQE®’, R p', R =EV(p", p")=e(@’v(p', R")) —R=e(p’, u") - R.

AHaJIOTUYHO

cV@E’, R%p', R =CV(p°,p"Y=R'—e(p' v(p’, R) = R—e(p', u").

[TockonbKy MeHsieTCsS TOJIBKO IieHa mepBoro Onara, He OyJaeM B JaJbHEWIIeM YKa3bl-
BaTh OCTaJbHBIE IIEHBI U I0X0]] B KAUECTBE apTyMEHTOB COOTBETCTBYIOUINX (DYHKITUH.

Crenyromuii puCyHOK TIpeaiaraeT rpaduuecKyro WILTIOCTPAIIAIO I SKBUBAJIICHTHON
U KOMIIEHCUpYIOIIeH Bapualuii B cilydae AByX Ousar, Korja LieHa BTOporo Ojara paBHa
exunue (p) = pi = 1).



X1 X1

S~ - S~

PucyHOk 6. OKBMBAJIEHTHAasl M KOMIIEHCHUPYKIAs Bapuaumusi Ipu

0 1 0 1
R0=R1=R:P1>P11P2=P2=1

d
[Tockonbky gj(p, u') = hip, u') (nemma Illemapna s Teopuu mOTpeGICHHs), MbI

MOXCEM 3aIllucCaThb:

JEV JdCV
apo (ppp}) = hl(pla ul)a apl ?apl) == hl(pla uo)'
1 1

0 1.
IIpounTErpUpyeM 3TU PaBEHCTBA OT p, 110 P
0 0

Py Py
JEV
J inte, uhde = [ 35 p)dt = EV Y. p)) ~ EV(R). p)) = EV (. p)).
1 1 1

Py Py
0 0
g acv
J inte, e = | 5oTCpl i = OV, p) = CV(@Y, p) = CV L )
P} P} :
Takum o6pazom,
n n
EVQ!, p) = [ @, uhd, eVt p) = [ i, uyde.
1 1
Py Py

Kak u3BecTHO, MI3BMEHEHHE TOTPEOUTETHCKOTO M3JIHINKA BRIYUCIISETCS IO (hopMyIie
0

9!
ACS(', phy = [xioyat.
8
B manHOM cityuae Bce TPU BETUYMHBI TTOJIOKUTEIBHBI:
EV(®Y, p))>0, CV(p}, p)>0, ACS(p}, p;) >0.
Ecnu s ekt noxona neorpuuareneH (paccMaTpuBaeMoe 6J1aro — HOpMaJIbHOE), TO
h(p,u’)<xi (p) < hi(p,,u') npup} <p, <pj.
DTH HEpaBEHCTBA (B Cllydae JBYX OJiar) WLTIOCTPUPYETCS CIAEAYIOIMNUM PUCYHKOM.



e \x2
h(p"uy=x(p))
h(p,.u')
x(pl)
h(p,.u)=x(p;)
\ X1 : . X1
) ) by xi(y)

Pucynoxk 7

JoxaxxeM 3T HepaBeHCTBA opmManbHO. [lomoxkurensHOCT d(pdekTa 10X0maa 03HAYA-
X1
€T, YTO MPH YBETUYECHUH JI0X0/Ia CTIPOC Ha 0y1aro yBenuyuBaercs ( IR >0).
B paznoxenun Ciayukoro

oh 0. o
gi(pl,uo) =ﬁ (p1, e(pr, u)) + x1( 1, e(pr, u°)) ﬁ(pl, e(pr,u”))

a
B 3TOM cityuae x1( p1, e(p1, u”)) ﬁ(pl, e(p1, u”)) > 0. [ToaTomy

apl(plau )>ap1(p19 e(plau ))_apl(pl)o

ohi, 4 _Oxi Iy _ Ox1 _oxp
apl(Pl’” )>ap1(P1,e(p1,M )= apl(PbR)— apl(Pl)-

[IpounTterpupyem 3Tu HepaBeHCTBA. HepaBeHCTBO COXpaHsSeTCsl, €ClIU HUKHUUN TTPeaes
WHTETPUPOBAHUS MEHBIIIE BEPXHETO.
0 0 .
ITepBoe HEPaBEHCTBO UHTEPUPYEM OT p, 10 p| IPU p, > p,:

0 0
"1 oh 1o
() = (o) = [ 350 w0yt > [ 5 M0di =0 () - x1(p).

D1 D1
HOCKOHBKY hl(p(l)a uo) = xl(p(l))a TO hl(pp uo) < xl(pl)'
BTOpOC HEPABCHCTBO UHTCTPUPYEM OT p} 0 4 Ipu D, >p}:

P1 !
oh ox
h(pu) ~(plu') = {;ﬁ(n u'dt > [;fl(t)dr =xi(p) ~xi(p)),
Py Py

Tockonbky hi(p!, u')=x1(pl), 10 x1(p,) < hi(p,, u").
Orcrona noayyum Tpedyemoe HepaBEeHCTBO /1 ( pl,uo) <xi(p) < h(p,, u'). Hepasen-

CTBO BE3JI€ CTPOro€, KPOME JIBYX KpalHHUX TOYEK.
VHTerpupyst 3T0 HEPABEHCTBO OT p, 10 P}, TIOJIy4aeM, 4TO HMEET MECTO COOTHOLICHHE

EV(, p) <ACS(®', p) < CV(p), p)).
Crenyromuii pUCyHOK WUTFOCTPUPYET 3TO COOTHOIIECHHUE.



h(pr®

X1

PucyHok 8. CBsaSB MeXOy NOTPEeOMTEeNIECKMM MBJIMIIKOM M SKBMBAJIEHTHOM
¥ KOMIIEHCHPYKIEel Bapuaumen

3necy CV =S (ACDF),
ACS = S(ABDF) (3amTpuxoBaHHasi 00J1acTh),
EV =S(ABEF).
[MpemtoskeHHasi AuarpaMma TO3BOJISIET MPOWJLTIOCTPUPOBATh CUTYAIMIO C KBA3WIIH-
HEHHBIMH TIPEIIOYTCHUSIMH, KOT/Ia KOMIICHCUPYIOIIAsl BapHallks COBIANAeT C IKBUBA-

8x1
JeHTHOW. B 3TOM cimyuae otcyrcTBYeT 3¢ (eKT 10X0/1a OTCYTCTBYET (a_R =0). Torna us

YpaBHCHUA CHYHKOFO ImoryyacM, 4To
0 1
h(pu’) =x(p,R) = h(p,u’)
H CJIICOOBATCIIBHO,
0 N\ — 0 N\ — 0 1
Cv(pp pl) - ACS(pp pl) - Ev(pp p])
Taxkum 06pa30M, BC€ TPHU KPHUBEBIC CIIpOCa, I/I306pa)KeHHbIe Ha quarpamMme, COBIIagaroT,
CJICA0OBATCIbHO, COBIIaAAOT U TpI/I MepLI 6HaFOCOCTOﬂHHH.

BooO6iie roBopsi, IOJAE3HOCTH pa3HBIX NOTPEOUTENEH HE CPAaBHUMBI JPYT C APYIOM, U
uX OeccCMBICIIEHHO CKJaabIBaTh. OJHAKO HAa OCHOBE JCHEKHBIX MEp M3MEHEHHUs OJaro-
COCTOSIHMSL MOKHO I10JIy4aTb HEKOTOPBIE OLIEHKU MEpPONPUATHN 3KOHOMHYECKOU IIOJIH-
THKH.

[Tpeamnonoxum, 4yTo CyIIECTBYIOT # OTpeOuTeneil ¢ PyHKIMSAMH TOJIE3HOCTH U(X;) U
poxomgamu R;. IlycTs LEeHBI M3MEHMIIUCH C po 1o p . Ilycts, kpoMe TOro, B pe3ynbTare
9TOr0 U3MEHEHHUs LIEH CyMMapHasi BEJIMYMHA KOMIICHCUPYIOIIEH BapUaLUU IOJIOKUTENb-
Ha, T.C.

> CVi(p’,p', R)>0.
ITokaxkeM, 4TO CyIIECTBYET TaKoe IepepacipeaeieHue 10xon08 {R’Y (O_R/ < D _R),
4TO
vip', RY) > vi(p", R)) Vi,
TO €CTh BO3MOKHO KOMIICHCHPOBATh U3MEHEHUE 1IEH KaXKJIOMY ITOTPEOUTEITIO.
1o onpenenenno KOMIICHCUPYIOLIEH Bapyualuid UMEEM, 4TO

CVA = Zi CVi(POa Ri apla Rl) = Zi (Ri_ ei(PlaVi(POa Rl))) >0



MBI MOXeM BbIOpaTh R; Tak, uto R/> e{p' vi{(p’, R;)) (mocratouso B3ste R/ = ep’,v;
(", R)) + CV A/ n). Tlokaxewm, 4to B 5T0M ciydae vi(p', R/) > vi(p°, R)).

Bocnonp3oBaBuucy Bo3pacTaHUEM HENPSAMOM (DYHKIUU TOJE3HOCTH IO JOXOAYy U
CBOMCTBOM JBOMCTBEHHOCTU MEXAY Vi(.,.) U e{.,.), MOIydruM

vi(pla Ri,) > vi(pla ei(plavi(poa Rl))) = Vi(poa Rl)

3TO0 MOKHO MHTEPIIPETHUPOBATH CIEIYIOIIUM 00pa3oM: MEPONIPUATHE SIKOHOMHYECKOM
MOJIMTHKH, XapaKTEPU3YIOIIeecs MOJOKUTEIbHON CYMMapHOM KOMIIEHCUPYIOIIEH BapHa-
1uel, MOXKeT IPUBECTU K POCTY MOJIE3HOCTH BCEX 3aTPOHYTHIX MOTpeduTeneil, ecinu 1a0-
MOJIHUTH €r0 COOTBETCTBYIOIIUM IepepacnpeneneHueM noxoaa. OqHaKo clieyeT oTMe-
TUTh, YTO JAaHHAs MHTEPHpETalus Mpearnoyiaraet, YTo Takoe NepepacnpeesieHne J0X0-
JIOB HE BBI30BET U3MEHEHUs IIeH. B pamkax KoHILeNUuu oOIIero paBHOBECHs MPUBEACH-
HBIE PACCYKIEHUS OKa3bIBAIOTCS HEKOPPEKTHBIMHU.

Tecmul u 3a0auu 0134 CAMOCIOAMEIbHO20 DeUleHs

1. Kakoe 3 HM>KENpPUBEACHHBIX BHIPAKEHUN BEPHO
¢ CV=e(po, u")—R
¢ EV=ce(po,u')-R
¢ CS=e(po, u')—R

2. Kakoe u3 HuKenpruBeACHHBIX BBIPAXXEHU BEPHO
¢ EV=R—e(p, u)
¢ CV=R—e(p, u°)
¢ CS=R—e(p, u")

3. Kakoe u3 HMKENPUBEACHHBIX BBIPAKEHUN SBISETCS ONMPENCICHUEM SKBHUBAJICHTHOU
BapHaluu

¢ V(p1+EV,R)) = Vv(p2,R))

¢ V(p1,R)) = v(p2,RITEV)

¢ V(pl,Rl—EV) = V(pz,Rl)

4. Kakoe 13 HUKENPUBEIAECHHBIX BBIPAKEHUN SIBISETCS ONMPEICTICHUEM KOMIIEHCUPYIOLIEH
BapHaluu

¢ V(p1,R)) = v(p2,R1+CV)

V(pl,Rl—CV) = V(pz,R1+EV)

¢ v(p1—CV,R)) = v(p,+CV,R))

5. IlycTh 11IeHa OJJHOTO M3 TOBApOB BO3POCIA, B TO BpeMs KaK LIEHbI OCTAJIbHBIX TOBApOB
OCTaJIMCh HEM3MEHHBIMU. Eciii 3TOT TOBap He ABIAETCS MAIOLEHHBIM, TO

¢ CV<(CS<EV

¢ EV<CS<CV

¢ CV=CS=EV



6. ITycTh L1IeHa OJJHOTO M3 TOBApOB BO3pPOCIIA, B TO BpEMS KaK LIEHbI OCTaJIbHBIX TOBA-
POB OCTaJINCh HEU3MEHHBIMU. Ecii 3TOT TOBap SBIISIETCS MaJOLEHHBIM, TO
¢ CV<CS<EV
¢ EV<CS<CV
¢ CV=CS=EV

7. IlycTh 1eHa OHOTrO U3 TOBApOB BO3POCIA, B TO BPEMs KaK LICHBI OCTAJIILHBIX TOBAPOB
OCTaJINCh HEM3MEHHBIMU. Ecu KpoMe TOro oTcyTcTBYeT 3 PEeKT 10X01a, TO

¢ CV<CS<EV

¢ EV<CS<CV

¢ CV=CS=EV

8. IlycTb 11eHa OAHOIr0 U3 TOBAPOB BO3POCIA, B TO BpEMS KakK II€HBI OCTaJIbHBIX TOBA-
POB OCTaIMCh HEM3MEHHBIMU. Eciu kpome TOro (pyHKIHS MOJIE3HOCTH KBa3HJIMHEHHA U
JTOT TOBAp BXOJAUT B HEEC HEIIMHEWHO, TO
¢ CV<CS<EV
¢ EV<CS<CV
¢ CV=CS=EV

9. B xakoM cityuae pu U3MEHEHUH LIEHBI TOJIBKO OJHOTO 0Ojara MOKHO TapaHTHUPOBATh,
YTO SKBUBAJICHTHAs BApUALIAs COBIIAAET ¢ KOMIICHCUPYIOLICH

¢ [Ipu KBa3sMIMHENWHBIX IIPEANIOYTCHUAX

¢ Ecnu QyHKIMS 1MOJIE3HOCTH BBIMTyKIIA

¢ Ecnu Giiara KoMIieMeHTapHbIe

10. B kakoMm ciryyae npu U3MEHEHUU LIEHBI TOJIBKO OHOTrO Oara MO>KHO IapaHTHUPOBATh,
YTO 3KBUBAJICHTHAsI BApUALUS COBIAJAET C OTPEOUTENBCKUM U3JINIIKOM

¢ [Ipu KBa3sMIMHENWHBIX IIPEANIOYTCHUAX

¢ Ecnu QyHKIMS 1OJIE3HOCTH BBIMTYKIIA

¢ Ecnu QyHKIMS 1OJIE3HOCTH BOTHYTA

11. B kakoMm ciryyae npu U3MEHEHUU LIEHBI TOJIBKO OHOTr0 Oara MO>KHO IapaHTHUPOBATh,
YTO KOMIIEHCUPYIOIIas BApHAaLlUs COBIAAAET C MOTPEOUTENECKAM H3JIUIIKOM

¢ [Ipu KBa3MIMHENWHBIX IIPEANIOYTECHUAX

¢ Ecnu ¢yHKIMS ONE3HOCTH NTUHEHA (COBEPIIIEHHO 3aMEHUMEIE Oi1ara)

¢ Ecnu Giiara KoMIjieMeHTapHbIe

12. Yro BBl MOXeETE CKa3aTb O COOTHOLIEHUM 3KBUBAJEHTHON M KOMIIEHCHUPYIOLIEH Ba-
pHanuii Ipu U3MEHEHUHU LIEHBI TOJIBKO OJHOTO Oara, eciy XMKCHAHCKUN CIIPOC Ha HEro
COBIMAJAeT C MaplIaJIuaHCKuM?

¢ DKBHBAaJICHTHAs Bapualys 00JbIIe ¢ KOMIICHCUPYIOIIEH

¢ DKBUBaJECHTHAs Bapualis MEHbILE C KOMIIEHCUPYIOLIEH

¢ DKBUBaJIECHTHAs Bapualisl COBIAJAET C KOMIIEHCUPYIOIIEH



13. YTo BBI MOXETE CKa3aTh O COOTHOIICHUH SKBUBAJICHTHON BapHUalluil U MOTPeOUTEINb-
CKOT'0 M3JUINKA IPU U3MEHEHUH LIEHBI TOJIBKO OJHOTO 0Jiara, eciii XMKCHAHCKHH CIpoC
Ha HEro COBNAAAET C MapLIaAIMaHCKUM?

¢ DKBHBAJICHTHAs BapUallHsl COBIAIAET C MOTPEOUTETbCKUM U3ITHILKOM

¢ DKBHBAaJICHTHAs Bapualys 0OJbIle MOTPEOUTENHCKOTO H3JIHUIIKA

¢ DKBHBAJICHTHAs Bapuallysi MEHbIIE TOTPEOUTEIHCKOTO U3ITHILKA

14. Tlyctp (yHKIMS cripoca HA O1aro JTWHEHHA W 3aBUCHT TOJBKO OT €ro IIeHbl U UMEeT
Bus D(p)=20 — 2p. V3BecTHO, YTO 1I€HA HA HETO MOBBIMIAETCS C 2 10 3 JCHEXKHBIX €au-
HUII, TOTJ1a TOTPEOUTETHCKUN U3ITUIIIEK PaBEH

¢ 15

¢ 15

¢ 0

15. Uro BBl MOXeETe CKa3aTh O COOTHOLICHUH KOMIICHCHUPYIOILEH Bapualiu U norpedu-
TEJIBCKOTO M3JIMIIKA MPH W3MEHEHHH LIEHBbl TOJBKO OJHOTO Ojara, €Ciii XMKCHaHCKUH
CIIPOC Ha HEr'O COBMAJAET C MapIlaJIuaHCKUM?

¢ KommneHcupyromasi Bapuanus COBINagaeT ¢ MOTPEOUTEIbCKUM U3ITHIIKOM

¢ Kommnencupyromas Bapuanus 00Jblie MOTPeOUTENbCKOT0 U3IHIITKA

¢ Kommnencupyromas Bapuanus MEHbIIE MOTPEOUTENHCKOT0 U3JIHIIKA

16. B xakoM ciy4ae nMpu M3MEHEHHMHU IIEHBI OJHOTrO Ojara MOXKHO T'apaHTHUPOBATh, YTO
KOMIICHCHPYIOILAsi BApUALHsI COBIAIAET C MOTPEOUTEIbCKIM U3ITUIIKOM?

17. Yro BBl MOXeETE CKa3aTb O COOTHOLIEHMM 3KBUBAJEHTHON M KOMIIEHCHPYIOLIEH Ba-
pHanuii Ipy U3MEHEHUHU LIEHBI TOJIBKO OJHOTO Oara, eciiy XMKCHAHCKUN CIIPOC Ha HEro
COBIMAJAET C MapIlIaJIuaHCKUM?

18. UTo BBI MOXETE CKa3aTh O COOTHOIIECHUH SKBUBAJICHTHON BapHalluil U MOTPeOUTEINb-
CKOT'0 M3JUINKA IPU U3MEHEHUH LIEHBI TOJIBKO OJHOTO OJiara, eciii XMKCHAHCKHH CIpoC
Ha HEro COBNAAAET C MapLIaAJIMaHCKUM?

19. Uto BBl MOXeETE CKa3aTh O COOTHOLICHUH KOMIICHCHUPYIOILEH Bapualiu U norpedu-
TEJIBCKOTO M3JIMIIKA MPH W3MEHEHHH LIEHBbl TOJBKO OJHOTO Ojara, €Ciii XMKCHaHCKUH
CIIPOC Ha HErO COBMAJAET C MapIllaJIuaHCKUM?

20. IlocTpoiite mpuMep, B KOTOPOM NOTPEOUTETBCKUI H3IMIICK HE SBISETCS KOPPEKT-
HOU Mepoil u3MeHeHus GiarococtostHus pu u3mMeHenuu 1eH. (Iloackaska: paccmorpute
Cllyyaii, KorJja U3MEHSIOTCS IIeHbI Cpa3y HECKOJIbKHUX OJar.)

21. ®dynkuus nonesznoctu Ilerposa U(x) = min{x, y}. Ero noxox — 150 n1.e., iena nepso-
ro u BToporo 6mara — 1 a.e. Ero meds! npemaiaraer emy paboTy 0e3 MOBBIIICHUS 3apa-
00THOI1 maTkl B puinuane GUpMBI B APYroM TOpojie, e LieHa epBoro Oiara Takas xe, a
IICHBI BTOPOTO B JIBa pa3a BblmIe. [leTpoB elie B yHUBEpCUTETE TTO3HAKOMUIICS C MTOHSTHU-



€M KOMIIEHCUPYIOLIEN U SKBUBAJIECHTHOHN Bapuanuu. OLEeHUB NIPEAI0KEHNE, OH OTBETHIL,
4TO B MIPUHLUIIE OH HE MPOTHUB, HO MEpee3] Il Hero o3Hayas Obl MOTEPIO B 10X0/€ B A
py6neil. Ho oH rotoB mpuHATH MPEATIOKEHHUE, €CIU €ro 3apIulaTa Bo3pacTeT Ha B pyoO-
neil. Yemy paBHo A u B?

22. ®ynkuua noneznoctu Ilerposa U(x) = xy. Ero noxon — 100 a.e., neHa nepBoro u
BTOporo 6mara — 1 a.e. Ero meds! npeqnaraer emy padoTy 6€3 MOBbIIICHNS 3apab0THOI
iatel B pumane GupMbl B IpYroM ropoje, re IieHa IepBoro Ojara Takas ke, a IeHBI
BTOpPOTrO B JiBa pa3a Beime. [IeTpoB emie B yHUBEPCUTETE MO3HAKOMMIICSA C MOHSATHEM
KOMIICHCUPYIOILEH 1 SKBUBAJICHTHOM Baprauuu. OLEeHUB MPEATIOKEHHE, OH OTBETHII, UTO
B IIPUHIUIIE OH HE MPOTHUB, HO TIepee3 1 [UIsl HEro 03Havyall Obl IOTEPIO B 10X01€e B A pyo-
neii. Ho oH roToB mpuHATH NpeJIOKEHHEe, €CIIM ero 3apIiuiaTa Bo3pacTeT Ha B pyOueii.
Yemy paBHo A u B?

23. TlokaxwuTe, 4YTO YUCTHIC TOTEPU OT KOJMUYECTBEHHOTO HAjJora Ha 0Jiaro u3Mepsercs
BenuunHoO — EV — T, rne EV — 3kBHUBaJIeHTHAs Bapualys, CBA3aHHasl C COOTBETCTBYIO-
MM YBEJIIMYCHUEM IIeHBI Osiara, a 7 — MOCTYIUIEHHE OT HaJora.

24. IlpeamnonoxxuM, 4To IIeHa Ha Bce Oiara, KpoMme MmepBoro, nocrosiHua. [lokaxure, 4To
€CJIM 3JIACTUYHOCTh MapIIaMaHCKOTO CIpoca 10 JI0X0/1y Ha IepBoe 0J1aro mocTosiHHA, TO
KOMIICHCUPYIOILAsi Bapualus sBiseTcss GyHKUUH 3TOI 3IaCTUYHOCTH, JOXO0Ja M MOTpe-
OUTENBHOTO U3JHUIIKA CIEIYIOLIETO BUIA:

1

CV=R1[1+%1ACS] TR

2
Py

1
rae ACS = I x1(p,R ) dp; — u3MeHeHue MOTPeOUTETHCKOTO M3ITUIIIKA.

1
Py

25. Tlokaxxure, 4YTO eci HenpsiMast GYHKIMS OJIE3HOCTH UMEET BU/T

v(p.R) = a(p) + b(p)R,

TO KOMIICHCHUPYIOIIAsi BapHaIisl BIYUCISIETCS 110 TaK Ha3biBaeMoil popmyne Cuna:

2

p P ax ’ 1 ’

—|n3p @R )dp 1
cv= e b o x(p.R ) dp.
pl
Ecii k ToMy ke 3JIaCTUIHOCTD TI0 JOXOJTy T OCTOsIHHA, TO (popmyina Cuia UMEeT BHI:
n

R 1 ZIACS

CV=?[6 -1].

C ucrnosnb3oBaHUEM 3TOM (OPMYIIBI, JOKAKUTE, UTO KOMIIEHCUPYIOIAsi BapHalus U MO-
TPEOUTENHCKUN U3JIHMIIECK PaBHBI B CITydae KBa3WJIMHEHWHBIX MPEIITOYTCHHH.



26. IlpeamnonoxuM, 4To MepBoe Oiaro JOCTYIHO JIMIIb B JUCKPETHBIX KOJIMYECTBAX, a
BTOpOe 01aro — AEHbI'H (MCIIOJb3yeMble Ha MPUOOpETEHHE APYrux Oyar), u QyHKIUSL
IIOJIE3HOCTH KBA3UJIMHEHHA:

u(x) = v(xl) +x7
IycTs, naiee, 7 — pe3epBHAs ieHA IPHOOPETEHNUS -0 eIMHUILI TIEPBOTO OJIara M OIpe-
JIeISeTCsl COOTHOIICHUEM

u(i=1, x> — (=) = u(i, X* — ir').

(a) [TokaxuTe, 4TO eCIM MOTPEOUTENb IPHOOPETAET /1 eAMHHIL IEPBOrO OJIara, TO [eHa p'
Ha HETO YJOBJIETBOPSET COOTHOIICHHIO:

Tn 2Pl 2 .
[Tpu KakuX yCIOBHUAX BEpHO U 00paTHOE yTBepxkKaeHHe?
(8) Ioxaxwure, uto eciu v(0) = 0, To v(n) = D _; 7, a TOTPEOUTENLCKHI U3IUILIEK

CS=v(n)+R—-p'n
COBIIAJIAET C “YHCTOI” BHITOJION OT MPUOOPETEHUs IepBOro Oiara
(c) INokaxkute, YTO MOTPEOUTEIBCKUNA U3ITUIIEK COBIAIAET C CYMMOI KOMIICHCAINH, IIPH
KOTOPOH MOTpeOUTEeNb TOTOB MOJHOCTHIO OTKA3aThCS OT MOTpeOieHHs mepBoro Oiara,
(YBETMYMB TEM CaMbIM MOTpeOJIeHNE BTOPOTo O1ara Ha BEIMYUHY KOMIICHCALMH).

27. Ilycts npennouyTeHus npeacTaBuMsbl ¢pyHkuuei nonesnoctu Kob6a-/lyrnaca. Coop-
MYJIUpYHTE onpesiefieHre KOMIEHCUPYIOIIEeH, SKBUBAJIEHTHON BapHaluii U MOTpeOUTENb-
CKOT'0 M3JIUIIIKA HEMOCPEICTBEHHO B TEPMHUHAX (PYHKIIUH CTIpOca U GYHKIIUH TOJIE3HOCTH
U BBIYUCIIMTE HA ITOW OCHOBE WX BEIMYUHBI TIpH [ = 2, R'=R'= 100, po = (1,1), p1 =

(2,1).

28. B xakoM ciy4ae nIpy U3MEHEHHH LIEHBI TOJIBKO OAHOTO Oj1ara MOXKHO rapaHTHPOBATH,
YTO YKBUBAJICHTHAsI BApUALUs COBIIAJIAET C KOMIIEHCUPYIOLIEH?

29. B xakoM ciy4ae nIpy U3MEHEHHH LEHBI TOJIBKO OAHOTO Ojara MOXKHO rapaHTHPOBATH,
4TO 3KBUBAJICHTHAsI BApUALUS COBIAJAET C OTPEOUTENBCKUM U3JINIIKOM?

30. ChopmynupyiiTe ornpeneiacHrne KOMIEHCUPYIOISH, SKBUBAIIGHTHOW Bapualuil U 1o-
TPEOUTETHCKOTO M3JIUIIKA HEITOCPEACTBEHHO B TepMUHAX (PYHKIMM cripoca U (YHKLIUHU
MIOJIC3HOCTH U BBIYUCIUTE Ha 3TOM OCHOBE MX BEIMUYMHBI 1pH ([ = 2, R’ =R' =100, po =
(1,1), p' = (2,1)), kora...

(a) mpennouTeHNs MpeCTaBUMbI KBa3WJIMHEHHON (QYHKIIUEH MOJIE3HOCTH;

(b) 6;mara abCoIIOTHO 3aMEHHUMBI;

(c) 6mara KOMIUJIEMEHTapHBI.

31. B ycnosusax ynpaxsHeHus 30 mpojenaiiTe aHaJOTMYHbIE BBIYMCIECHHUS Ul Cllydas,
KOrJia IieHa Ha nepBoe Ousaro magaer (/ =2, R'=R'= IOO,p0 = (2,1),p1 =(1,1)).
CpaBHHTE pe3yibTaThl BBIYUCICHUNA 3TOTO W MPEIBIIYIIET0 YHPaXHEHUH U OObICHUTE
pa3auyus.

32. Mpommmoctpupyiite Ha rpaduke npu yemosusx [ =2, R® = R' = const, p, = const
NOBEJICHHE KPUBBIX crpoca (Ha mepBoe 6saro) Xukca u Mapmaiia, U yKakuTe COOTBET-



CTBYIOIIHME (UTYPHI, IJIOUIATN KOTOPHIX U3MEPSAIOT KOMIIEHCHPYIOUTYIO, SKBHBAJICHTHYIO
BapHaIUIO M MOTPEOUTENbCKHUIA U3ITHILEK KOTJa

(a) mpeanouTeHus npeacTaBuMbl GyHkuen noaesHocta Koboa-/lyrmnaca;

(a) mpennouTeHMs MPEICTaBUMbI KBa3WJIMHEHHON (QYHKIIUEH MOJIE3HOCTH;

(a) 6mara BIOJIHE 3aMEHHUMBI;

(a) 6mara KOMITJIEMEHTapPHBI

B cirydae (1) magenus u (1) pocra nieHs! nepBoro Oara.

33. Ilycte [ = 2, p, = const. [ly1s 3a7aHHON Ha MJIOCKOCTH (X, p) CUCTEMBI KPUBBIX CIIpOca
Xukca Ha epBoe 6yaro u3o0pasure

(a) BO3MOXKHOE ITOJIOKEHHE KPUBBIX clipoca Mapiania Ha 3To 61aro;

(B) COOTBETCTBYIOIIME KOMIICHCHUPYIOIYIO, SKBUBAJICHTHYIO BapUaIHiO U MOTPeOUTENb-
ckuii u3numek npu (I) manenuu u (1) pocte nensr nepBoro Omnara.

(c) KakoBbl COOTHOIIEHMSI MEXy BEIMYMHAMHM KOMIIEHCUPYIOIIEH, SKBUBAJICHTHON Ba-
puanuii ¥ MOTPEOUTENHCKOTO M3JIUIIKA B PA3HBIX CUTYalMAX, PA3IMYAIOIIUXCS THUIIOM
Onar (HopMaJbHOE-MJIOIIEHHOE 0JIaro) U XapakTepoM U3MEHEHUs 1IeH (IaleHue-pocT).



1. Teopusa npousBoauTens

1.1. TexHOMIO02U4YECKOE MHOXECMmeo U e20 ceolicmea

PaccmoTpum skoHOMHKY ¢ / OGnaramu. J[nsi KOHKpeTHOW (pUPMBI €CTeCTBEHHO pac-
CMaTpHUBaTh YacTh U3 3TUX TOBAPOB KakK (PAKTOPHI MPOM3BOJICTBA U YaCTh — KaK BBIITYC-
KaeMylo MpoayKiuio. CieayeT OoroBOpUTHCS, YTO TAKOE JIEJIEHUE JOBOJIBHO YCIOBHO, TaK
Kak ¢upMa obJamaeT AOCTaTOUYHOW CBOOOIOH B BBIOOpPE acCOPTUMEHTA MPOU3BOAMMOI
HOPOAYKIMH U CTPYKTYpHI 3aTpat. [Ipy onmucaHuu TEXHOJIOTUHU OyeM pPa3IUYUTh BBIITYCK
U 3aTPaThl, IPECTABIASA NOCIEIHIE KaK BBITYCK CO 3HAaKOM MuHYcC. [l ynobcTBa mpen-
CTaBJICHHSI TEXHOJIOTUU MPOAYKIMIO, KOTOpas U HE 3aTpayMBacTCs U HE BBITYCKACTCS
¢bupMoii, OysieM OTHOCHUTH K €€ BBIIIYCKY, IPHYeM 00BbeM MPOU3BOICTBA STOU MPOLYKIIHH
cuntaeM paBHbIM 0. B mpuHIIMNIE HE HCKIIIOYEHA CUTYyalus, B KOTOPOIl MPOIYKT IMpPOH3-
BOJUMBIN (PUPMOI Takke MOTpeOIIeTCs €10 B Mpolecce MpOoU3BOACTBAa. B aToM ciyuae
MBI OyZleM paccMaTpHUBATh TOJBKO YHCTBHIA BBIYCK JAHHOTO MPOJYKTA, T.€. €r0 BBIMYCK
MHUHYC 3aTpaThbl.

[TycTh uncno (akTopoB MPOM3BOJICTBA PABHO #, a YUCIIO BUJOB BBITYCKaeMOW IPO-
TYKIAH paBHO m (OTMETUM, 4TO [ = m + n). O603HAYNM BEKTOp 3aTpaT (1Mo abCOoMFOTHON
BenuumHe) yepe3 xe R’, a 00bembl BoimyckoB uepe3 ye R”. Bekrop (—x, y) OyzneMm Ha3bI-

BaTb BEKTOPOM YUCTbIX BbIMYCKOB. COBOKYIHOCTh  BCEX  TEXHOJIOTMYECKH
JIOTTYCTUMBIX ~ BEKTOPOB YHCTBIX BBIITYCKOB Z = (—x, y) cocTaBisier TEXHOMOIMnM4ye-
CKO€ MHOXEeCTBO Z. Takum o0pa3om, B pacCMaTpUBaEMOM Cllydae Jito00e TeXHOJIO-
TUYECKOE MHOKECTBO — 3TO MOJAMHOXKECTBO R” X R

Takoe omucaHue MPOU3BOJACTBA HOCUT 00U Xapaktep. [Ipu 3TOM MOXHO HE TpH-
JEP>KUBATHCS )KECTKOTO JIEJIeHUs OJiar Ha MPOIYKTHl U (aKTOPhI MPOU3BOACTBA: OJHO U
TO ke 0J1aro MOXKeT MpPU OJJHOM TEXHOJOTHH 3aTpayuBaThCs, a MPU APYrod — MPOU3BO-
nutcs. B atom ciydae Z < R'.

OmnuieM CBOMCTBA TEXHOJIOTHYSCKUX MHOXCCTB, B TCPMHUHAX KOTOPBIX O0OBLIYHO aacT-
Cs OMMCAaHUEC KOHKPETHBIX KJIACCOB TEXHOJIOTHH.

1. HenyctoTa

TexHOI0rn4eCKOE MHOKECTBO Z HEMYCTO.

DTO CBOMCTBO O3HAYAET MPUHUUNHAIBHYIO BO3MOXKHOCTh OCYIIECTBICHHS MPOU3BO/I-
CTBEHHOM JEATEIBHOCTH.

2. 3aMKHYTOCTb

TexHOI0rnuecKOe MHOXKECTBO Z 3aMKHYTO.

DTO CBOMCTBO CKOPEE TEXHUUYECKOE; OHO 03HAYAET, YTO TEXHOJOTMUUECKOE MHOKECTBO
COJICPKUT CBOIO TPAHMILY, M TIpeen JIto00i Mmociea0BaTeIbHOCTH TEXHOJIOTHIECKH J0-
MyCTUMBIX BEKTOPOB YHCTOTO BBIMTYCKA TAKXKE SIBISIETCS TEXHOJOTUYECKHU JOITYCTUMBIM
BEKTOPOM YHCTBIX BBIITYCKOB.

3. CBoboga pacxogoBaHus:

ecmzeZnz <z,t07 €Z.



OTO CBOMCTBO MOXHO MHTEPIPETUPOBATH KaK HAJIMYME BO3MOYKHOCTH IPOU3BOJIUTH
TOT XK€ CaMblil 00BbEM BBIIYCKA, HO MOCPEACTBOM OOJIBLIMX 3aTpar, UM MEHBIIUH BbI-
MyCK MPH TEX K€ 3aTpaTax.

4. OTcyTcTBME «pora nzobunus» (“no free lunch”)

z€eZuz>0=z=0

OTO CBOMCTBO 03HAYaeT UYTO JJIs IMPOU3BOJCTBA IPOLYKIMH B IOJOKUTEIBHOM KOJIU-
4ecTBE HEOOXOIMMBI 3aTPaThl B HEHYJIEBOM 00beMe.

5. HeBospacTatowiasa otgada oT Maclutaba:

ecmmze Zuzg = Az roe 0<A<l1,tormaz € Z.

HNHorma »To0 CBOWCTBO HA3BIBAIOT (HE COBCEM TOYHO) yOBIBAaIOIIECH OTmadeld OT Mac-
mTaba. B coydae nByx Omar, Korja OJHO 3aTpavyMBacTCs, a JPYroe MpOU3BOJUTCS, YObI-
Balomas OTJada O3HA4YaeT, YTO (MAaKCHMAaJbHO BO3MOXHAs) CPEIHSS IPOU3BOIUTCITb-
HOCTB 3aTpaunBaeMoro (hakTopa He Bo3pacTtaeT. Eciii 3a 4ac BBl MOXKETE PEIIUTh B JTyd-
IIeM cydae 5 OJTHOTHITHBIX 3aJ1a4 110 MUKPOIKOHOMHMKE, TO 32 JIBa Yaca B YCIOBUAX yOBI-
BAIOIICH OTJa4M BBl HE CMOTJIN OBl permuTh O6osee 10 Takux 3amad.

5’. HeybbliBatowasa otaada ot maclwitaba:

ecmmze Zug = Az roe A>1, tormaz € Z.

B cnygyae nByx ToBapoB, KOTJja OJJUH 3aTPauynBaETCs, a APYroi MPOU3BOJAUTCS, BO3pac-
Taom@as OTAada O3HA4YaeT, 4To (MAKCUMAbHO BO3MOJKHAsI) CPEAHSISI MPOU3BOJIUTEIH-
HOCTb 3aTpaunBaeMoro GpakTopa He YObIBaeT.

V)

Pucynok 1. TexHoOJOIrMYecCcKoe
MHOXECTBO C BoOBpacTamlei oTgnaden
oT Macuraba.

5”. TocTodHHaa oTgaya OoT MacwTaba — curyanus, KOrja TEXHOJOTHYECKOMH
MHOYECTBa YJOBJIETBOPSET YCIOBHUIM 5 U 5 OJJHOBPEMEHHO, T.€.

ecmmze Zug = A7, rornaz € ZVA>0.

FeOMeTpI/I‘IeCKI/I IIOCTOsIHHAsA oTAga4a OT MaCH_ITaGa O3Ha4acT, 4To VA ABJISICTCA KOHYCOM
(B03MOHO, HE coaepxaiium () .

B ciyuae n1ByX TOBapoOB, KOT/a OJWH 3aTPAa4MBaCTCs, a APYTroi MPOU3BOIUTCS, TIOCTO-
sSITHHas OoTJada O3HadyacT, 4TO CpeI[HSISI HpOI/ISBOI[I/ITeHBHOCTB 3ana‘-II/IBaeMOFO (I)aKTOpa HEC
MEHSIETCS TIPH M3MEHCHUH 00beMa IPOU3BOJICTRA.

6. BbinyknocTb:

ecnmn 7, 7’eZu 0<o<l, o0z + (1-a) 77 € Z.

CBOI>'ICTBO BBIHYKJIOCTI/I 03HA4YacT BO3MOXKHOCTh «CMCIIIMBATBH» TCXHOJIOT'HHU B JII0601>'I

IIPOIOPLUH.



z2

Z]

PucCyHOK 2. BrnykJioe TeXHOJIOI'MYEeCKoe
MHOXECTBO C yO6mBamle) ormauert oT MacumrTaba.
7. HeobpatnmocTb
€ Zuzz0= (—z)¢ Z
[Tycth U3 KHIOTpaMMa CTadd MOXHO ITPOMU3BECTH S5 moamunHukoB. HeobpatumocTs

03HA4YacT, YTO HEBO3MOXXHO ITPOU3BECTH U3 5-tn MOAIIHUITHNUKOB KHUJIOT'paMM CTaJIu.
8. AQANTUBHOCTb

e/ nzgel=z7+tze 7

CBoMcTBO AIUTUBHOCTU O3HAYACT BO3MOXKXHOCTH KOM6I/IHI/Ip0BaTB TCXHOJOTHUH.
9. lonycTmocTb 6e3aeaTenbHOCTY:

0/

YT1Bep:kaenue 1.

1) U3 HeBo3pacTaromieil 0Taaun OT MaciiTada u aJIMTHBHOCTH CJICTYET BBITYKIOCTb.

2) U3 BBIMYKIJIOCTH M TOITyCTUMOCTH O€3/1eATeTLHOCTH CIIEIyeT HeBO3pacTaromas oT-
nada ot macmraba. (O6paTHoe HE Bcerja BEpHO: IPH HEBO3PACTAIOIIEH OTAa4e TEXHOJIO-
TUsI MOKET OBITh HEBBIMTYKJIOHN (cM. Puc. 3).)

3) MHOXxecTBO Z 00J1aaeT CBOMCTBAMHU aITUTUBHOCTA M HEBO3PACTAIONIEH OTAauu OT
MaciitTaba Toraa ¥ TOJIbKO TOT/a, KOT/Ia OHO — BBIMTYKJIBI KOHYC.

Hokazamenbcmeo:
ﬂOKaSaTeJ'II)CTBO OCTaBJIACTCA B KQYECTBE YIIPAXKHCHU .

3.

PucyHox 3. HeBHNYKJIO€ TEXHOJIOTMYECKOEe MHOXEeCTBO C
HeBoOBpacTawleli oTpader or Macmraba.




[lpu omucaHuM NOBENCHHUS MPOU3BOAUTENSA YAOOHO MPEACTABIATH €ro MPOU3BOJICT-
BEHHOE MHOXXECTBO IMOCPEJICTBOM HEKOTOPOH MPOM3BOACTBEHHON (QyHKIUH. OTMETHM,
OJTHAKO, YTO 3/I€Ch U Jlajiee Mbl Oy/ieM TOBOPUTH TOJBKO 00 «OJHOMPOAYKTOBBIX)» TEXHO-
JIOorusx, T.c. m=1.

IIycts X — npoekuust TEXHOJIOTHYECKOr0 MHOKECTBA Z HAa IIPOCTPAHCTBO BEKTOPOB
3aTpar, T.e.

X={xeR"|dyeR: (—x,y)e Z }.

Onpegenenne 1. ®ynxumus f{): X — R, HasbiBaercs MPOU3BOLCTBEHHOM

JOYHKUMEWN, npeicTaBisionmieil TeXHONOTHIO Z, €CIH TIPH KakaIoM X€ X ducio fix) sB-
JSieTCs 3HAUEHUEM CIIeYIoNIel 3aaauu:

Y — max ,,

(=, y) e Z

YrBep:xnenue 2.
[TycTh A TEXHOIOTHYECKOro MHOKeCTBa Z C (—X) X R myst mo6oro xe X MHOKECTBO
Fo)y={y|(=x,») e Z;
3aMKHYTO M OTPaHHYEHO CBepXy. Torga TEXHOJIOTMYECKOE MHOXKECTBO Z MOXET OBITh
IPEJCTaBICHO MPOU3BOICTBEHHOMN (PYHKITHEH.

oxkazamenvcmeo:
3aMKHYTOCTbh U OFPAaHMYEHHOCTb CBEPXY MHOXECTBA F(X) rapaHTUPYIOT, UTO CYIIECT-
ByeT flx)e F(x), Takoii uto f(x) > y Vy € F(x).
|

3ameuaHue. BbINOTHEHNE YCIOBHII aHHOTO YTBEPXKACHMSI MOXHO I'apaHTHUPOBATh,
HarpuMep, eCIi MHOXKECTBO Z 3aMKHYTO U 00JIaJaeT CBOMCTBAMU HEBO3pacTalomiel OT-
Jlauu OT MacuITabda u OTCYTCTBHS POTra U300MIIHSL.

YT1Bepaxnenue 3.
[TycTh MHOXECTBO Z 3aMKHYTO U 00JIaZiaeT CBOMCTBAMU HEBO3pACTAIOUICH OTIaud OT
MmacmTada 1 OTCyTCTBUS pora u3o0mnus. Toraa s mo00ro xe X MHOKECTBO

Fo={y|(=x,») e Z;
3aMKHYTO U OTPaHUYEHO CBEPXY.

oxkazamenvcmeo:

3aMKHYTOCTbh MHOKECTB F(X) HEIIOCPEICTBEHHO CIEAYET U3 3aMKHYTOCTH Z.

[Toxaxem, uto F(x) orpaHndeHsl cBepxy. IIycTh 3TO He Tak U mpu HEKOTOPOM xe€X
CYIIECTBYET HEOTPAaHWYCHHO BO3pACTAIONIAs MOCIEI0BATENBHOCTD {)y}, TaKas UTO Yy €
F(x). Torna BcnencTBre HEBO3paCTarOIIeH OTAaYu oT Macinrada (—x/yy, 1) € Z. IloaTomy
(BcmeactBue 3aMKHYTOCTH), (0, 1) € Z, 94TO MPOTHBOPEUHUT OTCYTCTBHIO pOTa N300MIIHS.

|




OTMeTUM TakXke, 4TO €CJIM TEXHOJOIMYECKOe MHOXKECTBO Z YIOBJIETBOPSET TUIOTE3€
CBOOOJTHOTO PACXOJOBAaHHUS U CYILECTBYET MpPEIACTABIAIONIAs €ro IMPOU3BOACTBEHHAS
¢byukuus f{.), TO , MHO)KECTBO Z OIMHUCHIBACTCA CIEAYIOIIUM COOTHOIIICHUEM:

Z= {(_xa y)| ygf(X), XEX}.

3aMETHM, YTO €CIIH TEXHOJIOTMYEeCKOe MHOKECTBO UMEET BH/I
Z={(—x1, X2, y)E R3 |y <x %P,
TO TPECTABIAIONIAs Er0 NPOM3BOACTBEHHAs (PYHKLHUS CYLIECTBYET M ABJIsAeTCS (QYHKIIU-
eii Ko66a-/lyrnaca fix) = x1%0P
DTOT HpHUMep MOKA3bIBAET, UTO HPHUBEICHHbIE BBIIIE YCIOBUS, TapaHTHPYIOIIUE CYIIe-
CTBOBaHHE NPOM3BOACTBEHHON (DYHKIIMM, HE ABIISIOTCS HEOOXOAUMBIMH.

VYcTaHOBUM TeNEpbh HEKOTOPBIE B3aUMOCBS3H MEXAY CBOMCTBAMM TEXHOJIOTMYECKOIO
MHOYECTBa U MPEICTABIISAIONICH €ro MPOU3BOICTBEHHON (DyHKIIHMH.

YT1Bepaxnenue 4.
[TycTh TEXHOIOTUYECKOE MHOKECTBO Z MPEICTABISAETCS MPOU3BOACTBEHHON (PYHKIIH-
et f(.). Torma BepHO cremyomiee
1) Ecin MHOXeECTBO Z BBIYKJIO, TO (DYHKITUS f{.) BOTHYTA.
2) Ecnu MHOXXECTBO Z yIOBIETBOPSIET TUIIOTE3€ CBOOOIHOTO PACXO0BAaHUS, TO BEPHO U
oOpatHoe, T.e. eciii (yHKIHS f{.) BOTHYTa, TO MHOXECTBO Z BBITTYKIIO.
3) Ecnu Z Beinykiio, To f{.) HempepbIBHA HA BHYTPEHHOCTH MHOXKECTBA X.
4) Ecnu MHOkeCTBO Z 00J71a/1aeT CBOMCTBOM CBOOOBI pacxooBaHus, TO GyHKIUS f{.) HE
yOBIBaeT.
5) Ecnu Z oGnanaet cBOWCTBOM OTCYTCTBUS pora uzoounusi, To f0) < 0.

6) Ecnu MmHO)ecTBO Z 00agaeT CBOWCTBOM JAOMYCTHMOCTH Oe3zaesTesibHocTH, TO f(0) >
0.

oxkazamenvcmeo:

(1) Iyctb x4, x, € X. Torma (—xi, fix1)) € Z u (—=x2, fix2)) € Z, u (—ox;—(1-0)x;, af(x)
+ (1-a0) fixz)) € Z (0<0<1) MOCKOIBbKY MHOKECTBO Z BBINYKIIO. Toraa mo onpeaencHuo
POU3BOICTBEHHON (PYHKIIUU

of(x1) + (1-0) fixz) < floxrH(1-00)x2),
YTO 03HAYAET BOTHYTOCTH f{X).

(2) TlockonpKy MHOXECTBO Z 001ajaeT CBOMCTBOM CBOOOJHOTO PacXOJO0BaHUs, TO
MHOXeCTBO Z (C TOYHOCTBIO JI0 3HaKa BEKTOpa 3aTpaT) COBIAAACT ¢ ee moarpadpukom. A
noarpayuK BOrHYTOH (YHKIIUH — BBIITYKJIOE MHOKECTBO.

(3) Hoxa3piBaeMblii (akT cileayeT U3 TOro, YTO BOTHYTas (PyHKIMS HEMpepbIBHA BO
BHYTPEHHOCTH €€ 00JIaCTH ONpeeeHHs.

(4) Iyctb x22x; (x5, x2€ R’). Ilockoabky (—xi, fix1))€ Z, TO O CBONCTBY CBOOOJBI

pacxomoBanus (—x», f(x;))e Z. Otcrona, o onpeaeIeHUI0 MPONU3BOICTBEHHOW (PYHKITUH,
f(x2)=f(x1), TO ecTh f{.) HEYOBIBaET.

(5) HepasenctBo f{0) > 0 mpOTHBOPEUUT MPEATION0KEHHIO 00 OTCYTCTBHUU POra M30-
owmms. 3nauuTt, f(0) < 0.




(6) ITo mpennonoxkenuto o pomyctumoctu Oe3nestensHoctr (0, 0) € Z. 3HauuT, MO
OTIpeIeICHNIO TPON3BOACTBeHHOM QyHKIMH, f(0) > 0. W

B npexanonoxenuu o cyniecTBOBaHUM MPOU3BOJACTBEHHOM (DYHKIIMU CBOMCTBA TEXHO-
JIOTHM MO>KHO OIMCHIBATh HEMOCPEACTBEHHO B TePMHHAX 3TON QyHKIuH. [lokaxem 31O
Ha MPUMepe TaK Ha3bIBAEMOW AJIAaCTUYHOCTH MacIiTada.

[Tycts mpousBoacTBeHHas (pyHkuus nuddepenupyema. B Touke x, rae f{x)>0, ompe-
nenum JTOKANbHYO 9NaCcTUYHOCTL MacluTaba e(x) kak:

_dfx) A
=" fwli=1

Ecnu B HEKOTOpO# TOUKE e(X) paBeH 1, TO CYMTAIOT, YTO B 3TOM TOUYKE "TIOCTOSHHAS
ANACTHYHOCTH MaciTaba", ecinu 6osbiie 1 — To "pacTymias 3JacTUYHOCTD'", MEHBIIIE —
"yObIBaromas". BelmenpuBeieHHOE OMNpEAeICHHEe MOXHO TIepenucaTtb B CICAYIONMEM
BHJIE!

ﬂ)
273
l

e(x)= —f(x)

YT1Bep:kaenue S.

[TycTh TEXHOJIOTMYECKOE MHOXECTBO Z OMHUCHIBAETCS MPOU3BOACTBEHHON (yHKITHEH
f(.) u B Touke X BeImosiHEHO f{x)>0. Torma BepHO ciemyromiee:

1) Ecnu TexHOMOTHYECKOe MHOXKECTBO Z 00J1aJaeT CBOMCTBOM yOBIBAIOIIEH OTAa4U OT
Maciitaba, To e(x) <1.

2) Ecniu TeXHOIOTHYECKOe MHOKECTBO Z 00J1a1aeT CBOMCTBOM BO3pAcCTArOIICH OTaaun
oT MaciTaba, To e(x) >1.

3) Ecm Z oGnamaet cBOMCTBOM MOCTOSTHHOM OT/Iayu OT MaciiTada, To e(x)=1.

Hokazameibcmeo:
(1) PaccmoTtpum mociaemoBarenbHOCTh {A,} (0<A,<1), Takyto uto A,—1. Torma (—A, x,
M fX))€ Z, otkyna crieayert, uto f(A, x) = A, fix). Ilepenuiiiem 3T0 HEPAaBEHCTBO B BH/IE:

Mariofi)

Ilepexons k npeney, UMeeM
df(Ax
o _Zﬁxl\ﬂx)

Takum o6pazom, e(x) <1.
(2) u (3) moKa3bIBAIOTCS AHAIOTHYHO.
]

Tecmul u 3a0auu 013 CAMOCIOAMEIbHO20 DeUleHu

1. [TycTh MHOKECTBO MPOU3BOJICTBEHHBIX BO3MOKHOCTEH (PUPMBI 3a/1a€TCS YCIOBUEM:
< 111(1 — Zz), rae zp<l.
Kakumu cBolicTBamu 001agaeT qaHHasi TEXHOIOTUA?




2. Nokaxure YTBepxkacHue 1.

3. Texnomoruyeckue crnocoOsl (—5,4), (—4,0) u (-2,2) npuHaAIEKAT HEKOTOPOMY TEXHO-
JIOTHYECKOMY MHOXeCTBY Z. MOKHO JIM TapaHTUPOBATh, YTO TEXHOJOTHYECKUN CIOCOO
(—3,2) mpuHaIeKUT Z, €CIu U3BECTHO, YTO Z BhIMyKiIo? M300pa3uTe rpadpuiyecku MHO-
KECTBO TEXHOJIOTHYECKUX CHOCOOOB, MPO KOTOPbIE MOXHO YTBEp)KIaTh, YTO OHHU IpPH-
HaJyiexKar Z.

4. Texnonoruueckue crnocodsl (—5,4), (—4,0) u (—2,2) npuHaIeKAT HEKOTOPOMY TEXHO-
JIOTMYECKOMY MHOXeCTBY Z. MOKHO JIM TapaHTUPOBATh, YTO TEXHOJOTHYECKUN CIOCOO
(-2,1) mpuHaIeKUT Z, €CIH U3BECTHO, YTO Z BBINYKJIO U XapaKTepu3yeTcs yObIBaIOIIEH
otnaueii? M3o6pasute rpaduyecky MHOKECTBO TEXHOJOTHUECKUX CIOCOOOB, MPO KOTO-
pbI€ MOKHO YTBEPKAATh, YTO OHU IIPUHAJIEKAT Z.

5. Texnonoruueckue crocodsl (—8,10), (-2,3) u (—4,2) npuHaIeKAT HEKOTOPOMY TEX-
HOJIOTMYECKOMY MHOXECTBY Z. MOKHO M TrapaHTUPOBATh, YTO TEXHOJOTHMUYECKUH CIIO-
co0 (-5, 5) npuHaANEeKUT Z, €CIIM U3BECTHO, UYTO Z XapaKTepU3yeTcs: CBOOOI0N pacxomo-
BaHus? M300pasure rpaduyeck MHOKECTBO TEXHOJIOIMUYECKUX CIIOCOOOB, PO KOTOPHIE
MO’KHO YTBEP)KIaTh, YTO OHU NIPUHAAIEXKAT Z.

6. [IycTh OIHONIPOYKTOBASI TEXHOJIOTHS MOKET OBITH MPECTAaBICHA POU3BOCTBEHHOM
¢ynkuueii. Ilokazare, YTO MPOU3BOJACTBEHHOE MHOXKECTBO YJOBIETBOPSIET CBOWCTBY I1O-
CTOSIHHOM OTJa4yM OT MaciiTada TOrJaa U TOJBKO TOTJa, KOTJa COOTBETCTBYIOLIAs MPOU3-
BOJICTBEHHAs (DYHKIIMS OJTHOPOHA MEPBON CTEIICHH.

7. Iloka3aTh B Cilydae TEXHOJIOTHH, YTO €CJIU MPOU3BOJCTBEHHOE MHOKECTBO Z 3aMKHY-
i o
TO ¥ BRIMYKJIO M — Ry € Z, To OHO 001a/1aeT CBOMCTBOM CBOOOIBI PACXOOBAHUS.

1.2. 3adaya npou3sodumernsi u ee ceolicmea

['unoresa, nexamas B OCHOBE MOJENH IOBEIEHUSA NPOU3BOAMUTENSA 3aKIH0YACTCA B
TOM, 4TO NMPOU3BOJUTEIb BBIOMPAET TEXHOJIOTUYECKH JOMYCTUMBINA BEKTOpP YHUCTBIX BBI-
MYCKOB, MAKCUMU3UPYIOIIUN MPHOBLIb. B TepMUHAX YHCTHIX BBITYCKOB I'IpVI6bIJ'Ib €CTh
CKaJIIpPHOE IIPOM3BE/IEHNE BEKTOPA YUCTBIX BBIIYCKOB ZE€ Z Ha BEKTOP LieH: pz. (LleHsl MbI
Be3JIC B JabHEHIIEM OyJeM CUUTAaTh CTPOTO MOJIOKUTENbHBIMU: p>>0.) Takum o0paszom,
€CJIM TIPOU3BOUTEINb CTAJIKUBACTCSA C HEKOTOPHIM BEKTOPOM II€H p, TO €ro BHIOOP OKa3bl-
BACTCs PELICHUEM CIIEAYIOLICH 3a1a4i MATEMaTHYECKOTO IIPOrPAMMHUPOBAHMS:

3anaua 3.
Pz —> max ;7.

CymiecTBeHHOE OTJIMYME 3a/1a4 Tpou3BoAuTens (3amada 3) oT 3aAauu MOTpeOUTENs
(3agaum 1) B TOM, YTO MHO>KECTBO €€ TOMYCTUMBIX PELIEHUH Z, KaK IIpaBWJIO, HE OTPaHU-
4yeHo. boiee TOro, I TEXHOIOTUI ¢ BO3pacTaroled OTAaYEH, CyIlleCTBOBAHUE TEXHOJIO-



THYECKU JOMYCTHMBIX Map C MOJOXHUTEIbHON NMPUOBUIbIO MPUBOAUT K CYIIECTBOBAHHUIO
JIOMTYCTUMBIX PEIICHHM, JAIOUINX CKOJIb YTOAHO OOJBIIYIO MPHOBLIE.

aHaJIoT

OIODKETHOTO 2
MHOECTBa
7

7 palpr
A

7

Z]

Pucynoxk 4. JocTpauusi pelleHMsT BamadM NPOMBBOAUTENIS

[Tpumep (OTCYTCTBHUS pPELICHHUS):

[TycTh TEXHONIOTHUECKOE MHOXKECTBO UMeET BUA Z ={(z1, z2) | z1<0, z, + oz;< 0}, 11eHbI
Oyiar paBHBI pi, py. Ecnu BeIOpaTh z; = —(¢ z;, TO IpUOBLIL OyaeT paBHA — (0P — p1) Z1.
[ToaToMy ecii O, > p1, TO IPUOBLTL HEOTPAHUUYEHA CBEPXY, U PEIICHUE OTCYTCTBYET.

Ecnu op; < py, 1O pemienne enuHCTBeHHO — z1=0 1 z,=0. Eciu op; = py, TO penieHu-
€M ITOM 3a7a4M ABJSETCS JH00ast TEXHOJIOTHYECKH JOIMyCTUMAs 1apa (2, z2), Takas 4To 2,
+oz1=0.

TakuMm 00pa3oM, CylIeCTBOBaHHE PELICHUII MOKHO TapaHTUPOBATh JIMIIb MPU JOMOJI-
HUTEJIbHBIX TPEINOJI0KEHUAX OTHOCUTEIBHO CTPYKTYpbl MHOXKeCTBa Z. Hike Mbl 10Ka-
’KEM CYIIIECTBOBAHUE PELIECHUS MPH CIEAYIONIEM (CHIBHOM) MPEIION0KEHNUHU: CYILIECTBY-
€T KOMITAKTHOE MHOXECTBO Z’, TAKOE YTO

ZcZu  ZcZ-RL (¥

PucyHokx 5. MnmocTpaumsi NPEeXIIOJIOXKeHNsI, I'apaHTHUPYIeIro
CyuieCTBOBaAHME pelleHMsI BamadM MaKCHMMM3aumum an/IﬁHJ‘II/I

3aMeTHM (YTO JIETKO YBUAETH U3 MpEeAsiaraeMbIX HIUTIOCTPAIUKA PHUC. 5), YTO MHOXET-
BO Z’, o0aaroiiee yKka3aHHBIM CBOMCTBOM, €CITH CYIIECTBYET, TO OMPEACIISCTCS MHOKE-
CTBOM Z HE €IMHCTBEHHBIM 00Pa30M.

YT1Bepaxnenue 6.




[Tycts BoIONHEHO cooTHOMIeHHE (*). Torma pemenne 3agaun 3 CymecTByeT Mpu JO-
OOM T0JIOKUTETFHOM BEKTOpE 1IeH OJar.

Hokazamenvcmeo:

JlokaxkeM, 4TO 3a7a4a MAaKCUMH3AI[MK PUObLTH Ha Z CBOJMUTCS K 3aj1aue MaKCUMH3a-
1 npubbutn Ha Z'. Ilycts ze€ Z u z¢ Z'. Toraa no ycnosuto (¥) Haiigercst BeKTop 7 € Z
TaKoit, 4ro z— z > # 0. TeM caMbIM MBI HAILIA JOMYCTHMOE PEUICHHE, JJISI KOTOPOTO
npuOBLTE OOJTBINE, YeM Uit z. M3 3TOro cieayer, 4To HaM JAO0CTATOYHO PacCMaTpUBATh
TONBKO z€Z'.

[MTockonbKy Z' — KOMIIAKTHOE MHOXKECTBO, a MPHOBUIb pz HENPEPBIBHA IO Z, TO IO
Teopeme Beiiepuirpacca pemienne 3a1aun 3 Ha MHOKECTBE Z' BCET/Ia CYIIECTBYET.

|

Onpenesenne 2.

ITycte pemenue 3amaun 3 CymecTBYEeT M €IMHCTBEHHO JJIsl BCEX 3HAUEHU mapamer-
POB — MOJIOKHUTENBHBIX 1IeH p. Torna onpeaeneHa ciueayronas QyHKIKs, KOTopas cTa-
BUT B COOTBETCTBUE KaXXIOMy BEKTOPY LIEH pEIEHUE 3aJa4d MPU 3THX HapaMmeTrpax —
BekTOp z(p). Byem HasbiBath ee (PYHKUMEN NPEeasioXXeHUs. Eciu peenue 3aa-
YU MPU HEKOTOPBIX 3HAYEHHUSAX MMapaMeTPOB HECIUHCTBEHHO, TO TOBOPST 00 0To6pa-
XeHnn rnpeanoxeHnma.

Onpenenenue 3.
DYHKUMA NPUDBINN ectb MakcuMyM 1HeneBoit GyHkuuu B 3agade 3:
T(p) = pz(p)-

OyHKIMA TpUOBUH T(p) = pz(p) aHATOTUYHA HENPSIMOI (YHKIUHU TOJIE3HOCTH TOTpe-
ourens, a QyHKIMA npeayoxkenus g(p) — GyHKuuu crpoca. JJokaxkeM HEKOTOpbIe CBOM-
CTBa 3TUX (QYHKIHH.

Yr1Bepxnenue 7. (CpoiicTBa GpyHKIUH T(p))
1) ®ynkuus n(p) onHopoaHa 1-ii cTeneHu:
T(Ap) = A(p).
2) OyHKIUS T(p) BBHITYKIIA.
3) ®yHKIUA 7T(p) HETIPpEephIBHA HA MHOYKECTBE MOJIOKHUTEIBHBIX IICH.

Hoxazamenvcmeo:

1) Jloka3aTenbCTBO OJJHOPOJHOCTH OCTABJISIEM B Ka4eCTBE YIPAKHECHUSI.

2) JokaxxeM BBITTYKJIOCTb T(.).

[TycTh OT HEKOTOPBIX IBYX IICH p, p’ B35ATa BBITYKJIass KOMOMHAIMS — IIEHA
po=opt+(l-0)p” (0<o<l).

Beimykitocts pyHkmu T(.) 03HAYaET, 9T0 M(py) < an(p) + (1-o) n(p”).

Y4uuThIBas yCIOBHUS MAKCHMH3AIUHU MPUOBLITH, UMEEM IS Zo= Z(Pg):
Pea<T(P), P'2a < UP).




CkuagpiBasi 3T HEPAaBEHCTBA C MHOXKHUTEISIMHU O U (1—0!) COOTBETCTBEHHO, MOJIy4YUM
TpedyeMoe HEpaBEHCTRO.

Beimyknocts GpyHKIMHU T0(.) MOXKHO TakKe J0Ka3aTh, UCIOJIb3YS TOT (PaKT, 4TO MOTO-
YEUHbI MaKCUMYyM CeMeMCTBa BBIMYKJIBIX (PYHKUHUNA — BbINyKJIas (QyHKIUS, 3aMETUB,
yT1O TT(.) SIBISIETCA MOTOYEYHBIM MAKCHMyMOM BBINYKJIBIX (JIMHEWHBIX) QyHKUUU (p,7),
ze’.

3) HenpepoiBHOCTh (pyHKIIMU 7T(.) HA MHOXECTBE MOJOKUTEIbHBIX IIEH CIEIyeT, Ha-
npumep, u3 Toro ¢akra, YTo BBITYKIAs (QYHKIHS HENPEpbIBHA BO BHYTPEHHOCTH €€ 00-

JIaCTH ONpeeNeHus (A1 MOJOKUTEIbHBIX IIEH B JAHHOM CIIy4ae).
|

Amnanorom Toxzaecta Pos siBisieTcs cneayronias Jjemma XoTeJnHra.

YT1Bep:kaenue 8.
[Tycts dynkims npubeu i(.) HenpepbiBHO Tuddepenupyema B Touke p>0. Toraa

0

okazamenvcmeo:

ITycts p*>0 — HEKOTOpPBIN BEKTOp LieH. [ J0Ka3aTenbCTBa JIEMMBI OIIPEACIIUM JBE
(GyHKIMHU OT OT LeHBI k-ro Onara py. IlepBas U3 HUX HpeACTaBiIsIeT cOOOH HpI/I6I>IJII> KaK
(byHKI_[I/IIO Dx TIpH YCIIOBHH, 1TO OCTNIbHBIE T[CHBI 3a(1)HKcnpOBaHH Ha YPOBHE p _ , T.C.

n(pk) Tc(p —k,pk) Tc(p 1s - apklapkap kt1s - 7pl)
OGo3HaUMB 7 = z(p M, OHpCI[CJII/IM BTOPYIO (DYHKIIHIO KaK

gp =pez it X p iz
Jj#k
Omna sBnsieTcs JII/IHGI/IHOI/I (1)YHKI_II/ICI/I D
ITo onpenenenuto n(p ) = p "z, a 310 O3HauaeT, uto (P x) = (P o). Hpn Jpyrux 1e-
Hax, BooOI1e roBops, 7= 2(p ") MOXeT He 1aBaTh MaKCHUMYM MPHOBLIH, T. € TT (pk) > g(pr).
TakuM 06pazom, mpsMas g(py) SBISETCS KacaTenbHOM rpaduka GyHKIHH T (py) B TOUKE
p*k (Touka A4 Ha Puc. 6). B Touke xacanus

Pk .pr)

Pz 2 pizAp)

J#k

lfk Pk

PucyHox 6. JiuocTpauusi mJoxasaTenbcTBa JleMMsl
Xorennuura

IM'(p's) _ 0(p )
apk apk ?




YTO U O3HAYACT CIIPaBCAJIMBOCTb JleMMBI.
|

YrBep:xknenue 9. (CBoiicTBa pyHkumu z(p) )
OyHKIHMS Z(p) OOAHOPOIHA HYJIEBOW CTEIIEHH.
e Eciu MHOXeCTBO Z CTPOTO BBIIYKJIO, TO Z(p) — OJHO3HAYHASI HENPEPHIBHAS (PYHKITHSL.
Ecnmu Qynkius npubbuin 7(.) IBaXIbl HENpepbIBHO TuddepeHIpyemMa, T0 MaTpuLa
Sxobu M = {0z/0pi} GyHKUMH Z(p) CUMMETPHUYHA U HOJIOXKHUTEIBHO HOIyOIIpeee-
Ha.

HHokazamenbcmeo:

I[OKaBaTeJILCTBO OCTAaBJIICM B KAQUYCCTBC YIIPAKHCHUS.
|

Ecnu TexHOMOrn4eckoe MHOKECTBO MOXKET OBITh MPEACTABICHO OCPEICTBOM MPOU3-
BOJICTBEHHOH (DYHKIMHM, TO 3a7aya MPOU3BOAMUTENS MPHU MOJOXKUTEIHHON IIEHE BBITYC-
KaeMOM MPOAYKLIUU CBOJUTCS K CIIEIYIOILEH:

Py f(x) —wx — max

xe X,
rje p, —IieHa BBITYCKaeMON HMPOIYKIMU, X — KOJIHMYECTBO 3aTpauuBaeMbIX (PaKTOpOB
MPOM3BOJICTBA, W — BEKTOP LIeH (aKTOPOB.

ITycth x(py, w) — byHKIHUA crpoca Ha (aKTOpPbl IPOU3BOJCTBA IIPH BEKTOPE LiEH (P,
w), y(py, w) — QyHKIMA TpPEUIOKEHUs NPOSYKIIMU IIPU BEKTOPE LieH (py, w). 3aMeTHM,
4o eciau py, > 0, To ¥(p,, w) = f(x(py, w)). B 1aHHOM KOHTEKCTE (QyHKIUS IPUOBLIH 3aIIH-
CBIBAETCA B CIIEIYIOIEM BUJIE:

TPy, W) = py [ (X(py, W) — wx(py, w).

ITosicHUM CBSI3M NIEPEMEHHBIX 3TOM 3a/1a4U C paHEe PacCMOTpeHHbIMU. Kak He TpyaHO
HOHATE P = (py, W) 1 2(p) = (— X(py, W), YDy, W)).

Kak pe3ynbraThl ToKa3zaHHBIE B 3TOM maparpade, Tak U Te KOTOpble OyayT JoKa3aHbI
BIIOCJICICTBHMHM MOTYT OBITh JOKa3aHbl U B CIydae KOrJa MEepBHYHBIA 00BEKT paccMOTpe-
HUS HE TEXHOJIOTHYECKOEe MHOKECTBO, a MPOU3BOICTBEHHAS (DYHKIIMA.

Tecmbl u 3a0auu 013 cAaMOCMOAMEIbHOZ0 PEUICHUS

1. dns ciyyasi, korga Z mpeacTaBieHo auddepeHupyeMoi Mporu3BOACTBEHHOW (PyHK-
1Mel, MOXKHO J10Ka3aTh JeMMy XOTeJIMHIa ucnoiniys teopeMy Kyna-Taxkepa. ITpose-
aute 3To nokazarenscTBo. (Iloxckaska: cM. mepBoe AokaszarenbcTBO JemMmbl Lllemapra
JUTSL TEOpUU TIOTPEOTICHUS. )

2. Joxaxure YTBepxkaeHue 9.

3. [TokaxkuTe, YTO €CIIM MPOU3BOACTBEHHAS (PYHKIHS f(.) CTPOrO BOTHYTa, U KPOME TOTO,
f(0) =0, To mpuOBLTH B TOUYKE ONTUMyMa HEOTPHUILIATEIbHA.




4. Tlokaxwure, 4YTO €CJIU NMPOU3BOACTBEHHAs (YHKLUSA B TOUKE MaKCUMyMa MPUObUIN 00-
JajaeT BO3pacTapInel oTnadei oT macmrtada, TO MPUOBLIL HE MOXKET OBITH IMOJOXKH-
TenpbHON. Ha ocHOBaHMU 3TOr0 BBIBEAMTE, YTO B CIIy4ae BO3pACTAlOLIEN OTIa4d OT Mac-
mrada 3agada MPOU3BOIUTENS TMO0 HE UMEET pelieHus, JInoo () — perieHue 3a1auu.

n

__,~— MaTpHIla BTOPBIX MPOM3BOJHBIX
L,]=

82(_( )
5. Ilycre y(py, w) = f(x(py, w)), a H = (ax,-a;)

MPOU3BOJICTBEHHOW QyHKIMU f(x). BbiBeauTe ciemyromme COOTHOIICHUS CPaBHUTEIb-
HOU CTAaTHKH JJI 3aa4U TPOU3BOAUTENS.

gy L[, (L
dpy  Py\ox ox
ox 1 -lfdf
o (axj

WY_L() ]
ow) pylox
ox 1 -1
wnl
W Py
Ha ocHOBaHWU 3TOTO CleaiiTe 3aKII0UCHUE O TIOBEICHUH BBITYCKA IIPOU3BOIUTEIS U
ero cmpoca Ha (akTOpBI IS BOTHYTBIX MPOM3BOACTBEHHBIX (GyHKIMiA. [TponumocTpu-

PYHTE 3TH COOTHOIICHUS JJIs MPOU3BOICTBeHHON (pyHKImu Trma Ko66a-/lyrmaca.

6. [TycTh MHOKECTBO MTPOU3BOCTBEHHBIX BO3MOXKHOCTEH (DUPMBI 337TA€TCS YCIOBUEM:
Z1 < 111(1 —Zz), rae zp<l.
[TocTpotite ¢hyHKIIMM cripoca / IPEeAIOKEHUS Ha z), z. [locTpoiiTe GQyHKINIO MPUOBI-
JIM 17151 TaHHOM TEXHOJIOTUH.

7. JIns TeXHOJIOTHH, OIMCHIBAEMOi IPOU3BOACTBEHHOM (yHKIMedi f(x) = x*, Brrunciure:

¢ (yHKIUIO TPUOBLIH,

¢ (QYHKIUIO CTIpoca Ha MPOU3BOACTBEHHBIN (QaKkTop,

¢ (OYHKIUIO TIPEITIOKEHUS,

ITokaxuTte, 4TO

¢ (yHKIMA NpUOBUT OTHOPOJIHA U BBINYyKJIA (TI0 LIeHaM MpoayKuuu (p) u (akropa mpo-
U3BOJICTBA (W)),

¢ GyHKIUSA CIIpoca YAOBIETBOPSET 3aKOHY CIpoOca,

¢ GYHKIUS TPEATIOKEHHS YIOBIETBOPSIET 3aKOHY MPEATTIOKEHHS

8. Haiinute QyHKIMIO MpUOBUTH, QYHKIIUIO TPEIIOKEHHUS U QYHKIUIO CIpoca Ha (aKTo-
PBI 1715 TIEPEUUCIICHHBIX TPOU3BOACTBEHHBIX (DYHKITHIA:

a. f@) =TIx", 0:>0 (byuxuus Ko66a-Jlyrnaca).
0. fx)= i aix,
i=1

n—1

B. J(x) = T vilx) + xp.

i=1



Kakumu cpoiictBamu oOnanaroT HaiieHHble QyHKIUU? [lokaxuTe, 4TO A TAHHBIX
(GyHKIMH BHITIOJTHEHA JIeMMa XOTEJUINHTA.

9. lokaxkure, 4TO BaJOBOM JTOXOX (DUPMBI YIAAET, €CIM LEHBl Ha BCe (PaKTOPHl MPOU3-
BOJICTBA YBEJINYATCS IPONOPLIUOHAIBHO.

10. TTokaxmwuTe, 4TO BAIOBOW JOX0J (PUPMBI YHaJleT, €ClH yHaJieT [ieHa 1o KpaiiHel mepe
OJIHOTO M3 BBIIYCKAEMBIX €10 IIPOAYKTOB.

11. Tlokaxwute, yTO NPUOBUTH PUPMBI yIIAJET, €CIM BBIPACTET IIeHa MO KpaiHel Mepe Ha
OJIMH U3 UCTIOIB3YEMBIX €10 (PAKTOPOB MPOU3BO/ICTBA. .

12. Ilokaxwure, 4T0 MpUOBLIL (GUPMBI yHasieT, €CU yMajeT IIeHa Mo KpailHel Mmepe Ha
OJIVH U3 BBIITYCKAEMBIX €10 IIPOAYKTOB.

13. Ipeanonaoxum, 4To MPOU3BOACTBEHHAs! (PYHKIMS Ui HEKOTOPOW TEXHOJOTHUH BO-

THyTa U cenapadenbHa, MPUYEM IpeaesIbHBIA MPOIYKT JH000ro (hakTopa Mpou3BOACTBA

KaK yroJlHO MaJ MpH J0CTaTOYHO OOJBIINX 00beMax 3aTpar 3Toro (pakTopa Mpou3BOACT-

Ba. Ilokaxure, 4TO

- BaJIOBOM 10X0J (PMPMBI yHaJeT, ecii BO3PACTET IIeHa M0 KpaiiHel mMepe Ha OJUH U3
UCTIOJIb3YEMBIX €10 (PaKTOPOB MTPOU3BO/ICTBA;

- ¢yHKIUA cnpoca (MPEIOKEHUs) JaHHOW (UPMBI YIOBJIETBOPSET YCIOBUSM BaJOBOM
3aMEHUMOCTH;

- Crpoc JaHHOW (GHUPMBI HA J1I000H (aKTOpP MPOU3BOJACTBA HEOTPAHUYEHHO BO3PACTAET
IPY NaJIeHUH LEHBI 3TOTO (PaKTOpa MPOU3BOICTBA;

- TpEeUIOKEHUE TaHHON (UPMBI HEOrpAaHHMUYEHHO BO3PACTAET IPU POCTE BBITYCKAEMOM
3TON PUPMOI TPOAYKIIH.

14. TTokaxkuTe, 4TO B CiIydyae OJHOPOJHOW MPOU3BOJICTBEHHOHN (DYHKIIMHU MOKa3aTeNb OT-
Ja4d OT MaciTaba He 3aBUCHUT OT IIeH (PaKTOPOB.

15. IokaxuTe, 4TO B CiIy4ae OJHOPOAHOHN MPOM3BOACTBEHHOW (YHKIIMH OTHOIIECHUE
¢yHkuuii cipoca Ha ro0bIe 1Ba (hakTopa MPOU3BOACTBA HE 3aBUCUT OT LIEHBI MPOIYK-
IIUH.

16. ITokaxxute, 9TO PYHKIMSA NPUOBUTH cenapabenbHa TOTJa U TOJIBKO TOTAA, KOTJa ce-
napabenbHa QyHKIHS crpoca.

1.3. BoccmaHoesieHuUe mexHOJ102U4eCcKo20 MHOXXecmea rno ¢hyHKyuu
npubbinu

AHAJIOT KOHIICTIIIUY BBISIBICHHBIX MPEINOYTCHUN ISl MOJEIH TIPOU3BOIUTEINST UMEET
10BONBHO TpocToit Bux. Iycts (p', 2') (i = 1,...,J) — HOCTIeI0BATEIBHOCTD HABIIONCHHIL:
TIpH 1ieHaxX p’ HaGMI0[aICs BEKTOP YMCTOTO BBITYCKA z'. ECITH pH KAKOM-TO BEKTOPE LieH
p' BBINONHEHO p'z’ > p'7’, 10 7' He MakcHMU3MPYeT IPUOBLTH PH LieHaX p'. A 3TO IPOTH-
BOPEYHUT PAIlHOHAITBHOCTH TIPOU3BOTUTEIIS.



Ecmn ke p'z’ < p'7 Vi, j, T0 nocnenoparensHocTs Habmoxenuii (p',z) (i =1,...,[) He
NPOTUBOPEYUT TUIMOTE3€ MAKCHMHU3AIMKH MPUOBLTH. TEeXHOIOTHYeCKOe MHOMXECTBO, KO-
TOpPOE TIOPOXKIAET TaKhe BHIOOPHI MPOM3BOIMTEINISL, MOXKET OBITh IOCTPOSHO Pa3HBIMHU
crocobamu. PaccMoTpuM HEKOTOpBIE U3 HUX.

Hawubosee npocThIM SIBIISICTCS BApUAHT, KOTIa TEXHOJIOTHYECKOE MHOXKECTBO, KOTOPOE
TIPM MAKCHMH3AIHH IPHOBLIN MOPOXKIAET TAKHE BEIGOPBI, COCTOMT TOIBKO M3 TOYEK 7,
T.C.

Z={z, zz,...,zl}.

Takke MOXXHO B Ka4eCTBE TEXHOJIIOTHYECKOTO MHOKECTBA Z MOKHO B3STh BBIITYKITYIO
060II0UKY Z TOUEK Z', 7°,...,2' (€CITH MBI IIPEIIOIAraeM, UTO TEXHOIOTHYIECKOE MHOMKECT-
BO BBINYKJIO0). Eciii MBI Tipe/inonaraeM BBITYKJIOCTh M CBOOOY pacXoI0BaHMUsI, TO B Kaue-
CTBE Z MOHO B3SITh PA3HOCTb MEXKIY Z, U Ri: y=17)— Ri. Eme oquu Bapuant — nepe-
CEUeHHE MOTYIPOCTPAHCTB, OTCEKAEMBIX COOTBETCTBYIOIIUMHE THITEPILIOCKOCTSIMH:

Zy={z|pz<pd,i=1,..1}.
Bce »Ti BapuaHTHl Ui ciaydas /=2 n300pakeHbl HAa MPUBEIACHHBIX HIDKE PUCYHKAX.

[IpsimMble, HapUICOBaHHBIE TYHKTHPOM, H300pakaroT 1eHbl. OTMETHM, UTO 2| C Z, C Z3 C
Zy.

v

v

PucyHok 7. BoBMOXHIE CIOCOOE BOCCTAHOBJIEHMSI MHOXeECTEBa Z IIO
HabJsogaeMeIM TOUYKaM

PaccmoTpum HekoTopyro GyHKIHIO 1IeH T(p). Bo3HuKarT aBa Bompoca: OyaeT a1 oHa
byHKIIMEH MpUObUTH PAIIMOHATIEHOTO TPOU3BOAUTENS (T.€ QYHKIIUNA TOPOKIACHHON MaK-
cuMu3aluel mpuObUIM Ha HEKOTOPOM TEXHOJIOIMYECKOM MHoOecTBe. U eciu 310 Tak, TO
Kak “BOCCTAHOBUTH MHOXECTBO Z WJIM €r0 XapaKTEPUCTUKHU.



OO6cynum cHauana BTOpYIO IpobieMy, T.e. MyCTh M3BeCTHa (YHKUHMS MPUObUH TU(p)
PaMOHATIBHOTO IPOU3BOIUTEIIS.

3aMeTHM, YTO CYIIECTBOBAHUE BEKTOpA ZE€ Z, TAKOTO YTO pz > T(p) IPHU HEKOTOPBIX
[IEHaX p, MPOTUBOPEUMIIO ObI TMIIOTE3€ MAaKCUMH3AMK MPUOBLIH Ha Z. OObEIMHUM BCE
BEKTOpa g HEe MPOTUBOPEYAIIME STOMY YCIOBHUIO MPH BCEX HEOTPULIATENIBLHBIX P B MHOXKe-
CTBO

Zn=0,. iz |pz < n(p)} = {z | pz < (p) Vp > 0}.

YMecTeH BOIIPOC: €CIM MBI IIOCTPOUM I10 HEKOTOPOMY 3aJJaHHOMY IIPOU3BOACTBEHHO-
My MHOXXECTBY Z (DYHKIUIO TPUOBLIH, a 3aTEM 10 HEl MOCTPOUM MHOXKECTBO Z, TO COB-
najayT JU MHOXKeCTBAa Z U Zy? [1010KUTEIbHBIN OTBET Ha 3TOT BOIPOC MO3BOJIHI OB HAM
BOCCTaHABIIMBATh TEXHOJIOTUYECKHE MHOXKECTBA M0 HA0II01aeMOMY TTOBEJICHHIO.

B obmem cinydae Z u Z; MOTYT HE COBIAAaTh, MOCKOJBKY OMHMCAHHBIA METOM MO-
CTPOEHUS Z; OPOKIAET BBIYKJIbIE MHOKECTBA (II€PECEUEHUE MOIYIIPOCTPAHCTB), YA0B-
JIETBOPSAIOLIEEe CBOHCTBY CBOOOIBI PACXOA0BAaHUS (ITOCKOIBKY OEpYyTCsl TOIBKO HEOTpHIIA-
TEJIbHBIE L[EHBI), 3 TEXHOJOTHYECKOE MHOXKECTBO Z MOXET OBITh HEBBIMYKIBIM (KaK Ha
Puc. 7(1) ) unu He yIOBIETBOPATH CBOMCTBY CBOOOIBI pacxonoBanus (kak Ha Puc. 7(1) u

(2)).

Yr1Bepaxnenue 10.
IIycTh TEXHOJIOTHYECKOE MHOYKECTBO Z 3aMKHYTO, BBIITYKJIO U YAOBJIETBOPSAET CBOMUCT-
BY CBOOO/IBI PacX0i0BaHUs. Tor/1a OHO COBMAJIACT C TIOPOXKIAEMBIM UM MHOXECTBOM Zr.

Hoxazamenvcmeo:

MBI fO0KaXeM TaHHOE YTBEPKICHUE, ECIU NOKAKEM, UTO Ly C Z U £ C Zy.

1) (Z c Zy). Ilo onpeneneHnio GyHKIUH MPUOBUIN I JTIO00TO Z € Z UMEEM pg <
n(p) Vp > 0, u 3HauwuT, 7 € Zs.

2) (Zn < Z). llycts 7 ¢ Z. Tlo Teopeme 00 OTACTUMOCTH IJI JHOOOTO BBIMTYKIIOTO
3aMKHYTOTO MHOXKECTBA M JII000H TOYKHM, HE MPUHAIEKAIIEH ITOMY MHOXKECTBY, CyIlIe-
CTBYET TMIEPIUIOCKOCTh, OTICISIONIAs 3Ty TOUKY OT 3TOTO MHOXKECTBa. B Hamem ciyuae
3TO 03HAYAET, YTO CYIIECTBYET BEKTOP KOA(PPHUIUEHTOB P, HE paBHBIN HYIIO U TAKOH, YTO

pz>pzV zeZ.

Pucynox 8. HMnmiocTpaumss OTHENIMMOCTH

[ToxaxkeM, 9TO p MOXKET OBITH BEKTOPOM IieH. JIJIs 3TOro HY)XHO, YTOOBI OH HE MMEI
OTPHIIATEIBHBIX KOMITOHEHT.




Tpenmnonoxum, uto p;<0. PaccMOTpHM HEKOTOPYIO TOUKY z'€ Z ¥ Iyd 7’ — Ae' mpu A>
0, r1e € — opT (i-s1 KOMIIOHEHTa paBHa 1, a OcTalIbHbIe — HyIH). DTOT JIyd HEINKOM JIe-
KHUT BO MHOXECTBE Z, TaK Kak Z yJOBJIETBOPSET CBOMCTBY cBOOOBI pacxoqoBanus. Be-
au4uHa Pz’ — AP; HEOrpaHMUYCHA CBEPXY. JTO HMPOTHBOPEUHT TOMY, UTO pZ > pz VzeZ.
MBI DpUIITH K TPOTUBOPEUHIO, TO3TOMY p > 0.

U3 toro,uto p = 0u pz > pz V 7€ Z, cnenyer, 4to pz > n(p). 3HAYUUT, T & Zr.

MpsI mokasanu, 9To Jr0as TOYKa, KOTopas He MPUHAMNCKHT Z, He TPUHAIIICKUT U Zy.

A 570 3HAUUT, 4TO Z; C Z.
[ |

Huxe Ha pucyHKe NMpHUBEICHBI, IPUMEPBI CUTYallui, KOT/1a PU HAPYIIEHUH IMPeJIIo-
JIOKEHUH TEOPEMBI, €€ YTBEepXKIeHHE (Z; C Z) HEBEPHO U, TEM CaMbIM, HEBO3MOXHO BOC-
CTaHOBUTbH Z HA OCHOBE (D)YHKLIUHU MPUOBUIN.

9T TOYKH 9T TOYKH HEIIB3SI OTHACIIUTD
HEJb3 TUTEPIIIIOCKOCTBIO C
OTHEJIUTH HEOTPHULATEILHBIM HAKJIOHOM

V) 22 /
‘V. ....................... /
. AR

z .‘/

Z]

He BbImonHeHO yclioBHE CBOOOIBI

He BEITTOIHEHO YCJIOBUC BBIITYKIIOCTH
pacxoI0BaHUs

Pucysox 9. Curyaumm, KoOI'la HEBOSBMOXHO BOCCTAHOBUTEL Z.

Taxum 06pazom, MBI ITOKa3aJId, YTO MIPU ONPECTICHHBIX YCIOBHIX MHOXECTBA Z U Zy
coBnajaiT. B o0meM cimydyae 3TO HEBEpHO M BBINOJHACTCS JHIIb BKIIOUEHHE Z C Zr.
MakcuMu3aus NpuObLIM Ha Z; TIOPOXKAAET HEKOTOPYIO (GYHKIHMIO pHObLIH T (p). Bos-
HHUKAeT BOIIPOC O TOM, KaK CBA3aHbl (QYHKIUM TU(p) U T (p).

[Tokaxxem, uTo ATH (YHKIIMH COBMANAIOT JaXXe B TOM cliy4yae, Korja Z u Zp He COBIa-
JAIOT, T.€. Zy IOPOKIACT TY Ke camylo (DYHKITUIO TPUOBLITH.

YrBep:xnenue 11.
[Tycts 7(p) — yHKUIUS NPUOBLTH, TOCTPOSHHAS HA OCHOBE TEXHOJIOIMYECKOI'0 MHO-
*KecTBa Z, a T (p) — (QYHKIMSA IPUOBLIH, HOCTPOCHHAs HA OCHOBE MHOKECTBA Zy.

Torna ni(p) = (p).

Uokazamenvcmeo:
Ecnu pacimmputs 10mycTHMOE MHOXKECTBO B 3a/1au€ MaKCHUMHU3AIUH, TO 3HAUYCHHE I1e-
neBoit GpyHKIMU He yMeHbIHTCA. [TosToMy U3 Z C Z; ciefyer, 4to T(p) < T (p).




[Ipeanoa0kuM, 4To 1jIs1 HEKOTOPOTO P 0Ka3ajlock, 4To T(p) < 7 (p). Ilo onpenenenuio
T (P) CyliecTBYeT 7 € Z; TaKoe, uTo pz =T (P), U, CleaoBaTensHo, pz > m(p). Ho cyme-
CTBOBAHHUE TAKOTO Z € Zp MPOTHBOPEYUT ONPEICICHUIO MHOXKECTBA Zy (KaK MHOKECTBA

TEX g, JUI KOTOPBIX IPUOBLIb pz HE OOJIbIIE, YeEM TU(P)).
|

OO6cynum Ternephb nepBylo MpobdiemMy: Kak JUlst JaHHOW (GyHKIMHU T(p) U GyHKUIUU Z(p),
OTIPENIENINT, SIBIIAIOTCS U OHU (pyHKIMEW NMpuObUIM M (QYHKIMEH MpPeIOKEHUs parfo-
HaJIbHOT'O IPOM3BOAUTENA?

[ToHsATHO, 4TO HEOOXOAUMBIMH TPeOOBaHUSAMHU K (YHKIUHU NPUOBUIN SBISIIOTCA €€
BBINYKJIOCTh, OJJHOPOJAHOCTH NEPBOIl CTETNEHN M HEMPEphIBHOCTh. OKAa3bIBAETCS, UTO 3TH
YCJIOBUS SABISIOTCS U JJOCTATOYHBIMH JIJIsl TOTO, YTOOBI MPOU3BOJIbHAS (DyHKIHUS TU(p) ObI-
Ja ¢yHKUMEH nmpuUOBUTM ISl HEKOTOPOTO TEXHOJOTHYECKOr0 MHOXecTBa. B kadecTBe
TAKOTO MHOKECTBA MOYKHO B3ATh PACCMOTPEHHOE BBIIIIE MHOKECTBO

Zz={z|pz <m(p) Vp > 0}.

Crenyroumii HabOp yTBEpKICHUN (opMaTu3yeT CKa3aHHOE BBIIIIE:

(1) Ecnmu pysxmust m(p) yaoBaeTBopsieT HaOOpy HEOOXOIUMBIX YCIIOBHH TSl (YHKITUH
npuOBUIH, TO MOCTPOEHHAs HA €e OCHOBE (PYHKIHS Z(p) YAOBJIETBOPSAET HaOOpYy HE0OXO-
JUMBIX YCIOBUHM ISl PYHKIIMH MTPEIOKEHUS TIPOU3BOIUTEIIS.

(2) Ecu pynkius z(p) yaoBiaeTBopsieT HAO0py HEOOXOAUMBIX YCIOBUN IS (DYHKITUH
IPEUIOKEHUS] IPOU3BOIUTENS, TO IIOCTPOCHHAs HA €¢ OCHOBE (PYHKLUS TU(p) yIOBIETBO-
psier Habopy HEOOXOAUMBIX YCIOBHH Ui (YHKIUU TPUOBUIH.

(3) Ecnu pysxmust m(p) yaoBaeTBOpsieT HAOOpy HEOOXOIUMBIX YCIOBHM IS (GYHKITUH
NpUOBUIH, TO CYILIECTBYET TEXHOJIOIMYECKOE MHOXKECTBO, OpOXKaatoliee T(p) Kak QpyHK-
IIUIO TTPUOBLIH.

[lepeunciuM ynoMmsHyThle HeoOXonumble ycioBus. s ymoOcTBa J10Ka3aTeNbCTBA
norpedyeM AOMOJHUTEIBHO, UTO TU(p) SABISAETCS JBaX/bl HENPEPHIBHO TU(epeHIpye-
MOW, a z(p) — HenpepbIBHO nuddepeHTpyeMoit.

YcioBus Ha QYHKIHUIO T(P):

(A1) monoxuTenbHask OAHOPOIHOCTD NMEPBOM CTENIEHU;

(A2) BBIYKJIOCTB;

(A3) m(.) mBaxnabl HempepblBHO auddepeHupyema (0ojee CHIBHOE YCIOBHE, YeM
TpedyeTcs).

Yenosus Ha QyHKIUIO Z(p):

(B1) mon0XUTENbHO OJTHOPOHA HYJIEBOM CTENEHH,

(B2) marpuia npou3BoaHbIX M = {0dz;/dpy} CyIWECTBYET U HEPEPHIBHA, IOJI0KUTEIIb-
HO IIOJIyOIIpe/IeTIeHa U CUMMETPHUYHA.

ChopmynupyeM mpHUBEICHHBIN BbIIIE HAOOP HEPOPMATIBHBIX YTBEPKICHHH KakK TEO-
pemy.



YrBep:xnenue 12.
(1) Iycto

rae GyHkius 7(p) ynoBiaeTBopseT ycioBusm (Al), (A2), (A3).

Torma z(p) = (z1(p),...,zi(p)) ynoBuerBopsieT ycnoBusim (B1), (B2) namaraemeiM Ha
(GYHKIUIO CTIpOca-TPEITIOKESHHS TPOU3BOIUTEIIS.

(2) Ilycte pynkmus z(p) ynosnetBopsieT ycnosusim (B1), (B2).

Torna dyakuus n(p) = pz(p) ynosuerBopsieT ycinousiM (Al), (A2), (A3).

(3) Ilyctp dynkus n(p) yaosnerBopsiet ycioBusm (Al), (A2), (A3). Torma mHOXKeECT-
BO Zr = {2 | pz < n(p) V p= 0} sABIseTCS TEXHOIOTHUYECKUM MHOKECTBOM MOPOKIAAIOLIIM
byHKIMIO TPUOBLTH TU(P).

Hoxazamenvcmeo:

(1) (A1)-(A3) = (B1)-(B2).

[Tockonbky GyHKIUS T(p) OAHOPOIHA MEPBOM CTENEHM, TO €€ MPOU3BOJHAS Z(P) OA-
HOPOJIHA HYJIEBOW CTEIICHH.

HenpepriBaast nuddepeHnnpyemMocTs Z(p) cienyeT u3 ABaXKIbl HenpepblBHON mudde-
PEHLUPYEMOCTH (DYHKIIMHU TU(P).

Marpuma BTOpPBIX MPOU3BOAHBIX JIO00H JBaXIbl HEMpepbIBHO AupdepeHunnpyemMoit
¢byHKIMu cuMMeTpudHa. [IpuMeHss 3To CBOWCTBO K (DYHKIIMHU TU(p) UMEEM,

I’n_ Im
opjopx  Opidp;

Marpuia BTOpPBIX MPOU3BOAHBIX (YHKLIUHU T(p) €CTh MATPHIIA EPBHIX MPOU3BOIHBIX

Gyskuun z(p). IllosTomy

% _ oz
px apj'

[TonoxutenbHas MOIYONPENEICHHOCTh MATPHUIBI BTOPHIX IMPOU3BOAHBIX (TO €CTh
x"Mx > 0, VxeR") — HeoO6XomuMbIii (H XOCTATOYHBIH) MPH3HAK BBITYKIOCTH JIO0OI
IBaxbl tuddepeHunpyemMoit QyHKIUH.

(2) (B1)-(B2) = (A1)-(A3).
Hpomudepermmpyent m(p) = pZ(p) 2 piz(p) o pk
87:522 gg} )
_Zk(P)+sz —Zk(P)+sz ap
i=1 i=1 i
Btopoe paBeHCTBO - cleACTBHE CHMMETPHUYHOCTH MPOU3BOAHBIX (pyHKIHM z(p). Tak
Kak z(p) — MOJOXKHUTEILHO OJTHOPOJIHA HYJIEBOW CTEINEHHU, TO 10 3aKOHY Diisiepa

Zﬂ)

Takum o6pazom,

0

Jlaniee BOCTIpOM3BOAMM JOKA3aTENbCTBO MyHKTA (1) B 0OpaTHOM MOpSAKE.




€)

0O003HaYUM
_on(p) _
zp) = P Vr(p).

Tak xak 7(p) — ogHOpOHAS TIEPBOM cTereHn QYHKIUA U Z(p) — €€ TPaIueHT, TO 10

3aKoHy Jiljiepa
(p) = pz(p).

[Tockonbky pz(p) = T(p), TO B TOUKe Z(p) MpU NaHHBIX IEHAX p BeaudnHa pz(p) Bcerma
HE MEHBIIE, YeM pzZ B JI000# TOUKe g € Z;. Ecu MBI TOKakeM, 4TO MpHU JIIOOBIX IIEHAX p
> () Touka z(p) MPUHAICKUT MHOXKECTBY Zr = {z | pZ < M(p’) V p” > 0}, To Tem cambim
MBI JOKQ)XeM, 4TO T(p) €cTh (DYHKIUS MPUOBLIH, COOTBETCTBYIOIIAS TEXHOIOTHYECKOMY
MHOKECTBY Zr.

To ects HaMm TpeOyeTcs Mmokasarh, uTo pz(p) < m(p)V p,p’ > 0.

['paduk Bcskol BBIMYKIONH HempepblBHO auddepeHnrupyeMoil pyHKIus Y(X) JTeKUT
BBIIIIE CBOEH KacaTEIbHOM, T.€. BBIIOJIHAETCS COOTHOLLICHHUE:

W(x) = W) + Vyx) (x'-x).
Tak kxak T(p) — BBIIYKJIast HeNpepbIBHO AuddepeHnupyemas GyHKIHSA, TO
n(p) = m(p) + Vr(p) (p"-p)-

[Tockoneky Vr(p) = z(p) u pz(p) = (p), nonydaeM TpeOyeMoe JijIsl JOKa3aTeIbCTBA yT-

BEPKJICHUSI COOTHOLICHHE

. mp) > np)+p) p'-p)=2p)p".

Tecmbl u 3a0auu 013 cAaMOCMOAMETbHOZ0 PEUICHUS

1. U3BectHO, uTo mpu neHax (1, 2) mpomsBoauTens BbIOpan BekTop Bbimycka (1, —1), a
npu neHax (2, 1) — Bekrop Beimycka (—1, 1). CoBMecTUMO JI1 3TO ¢ MaKCUMHU3alHEH
npuosLIN?

2. U3BecTHO, uTO mpH 1eHax (3, 2) mpou3BOAMTENb BHIOpAN BEKTOp BbIMycka (2, —1), a
npu uenax (2, 3) — Bekrop Beimycka (1, —2). CoBMeCTUMO JIM 3TO ¢ MaKCHUMHU3alHEH
npuosUIN?

3. U3BecTHO, uTO npH 1neHax (1, 4) mpousBoauTE s BHIOpAT BEKTOP BhIycKa (—4, 3), mpu
nenax (1, 1) — Bektop Beimycka (0, 0), a mpu nenax (2, 1) — BekTop Bbinycka (3, —4).
MOo’KHO 71 rapaHTHPOBAaTh, YTO BEKTOp BhINycka (—1, 2) HE NpUHAAIEKUT MHOKECTBY
JOIYCTUMBIX TEXHOJIOTUI?

4. U3BectHO, 4To 1ipH 1ieHax (1, 4) mpou3BoanTENb BEIOpa BEKTOp Bhiltycka (—4, 3), npu
nenax (1, 1) — Bekrop Beimycka (0, 0), a mpu nenax (2, 1) — BekTop Bbinycka (3, —4).
MOo’KHO 71 rapaHTHPOBaTh, YTO BEKTOP BhINycKa (-9, 4) HE NPUHAMIEKUT MHOXKECTBY
JOIYCTUMBIX TEXHOJIOTUI?



5. Cdopmynupyiite akcuoMy BBISIBICHHBIX MPEANOYTESHUH 1151 MOJEIN TPOU3BOIUTEIS.
JIoKaxxuTe, 4TO €CIM TEXHOJIOIMYECKOE MHOXKECTBO OIUCBHIBAETCS CTPOTO BOTHYTOU IIPO-
U3BOJICTBEHHON (yHKIHMEH, TO BBIOOpP MPOM3BOIUTENS YIAOBIETBOPSET aKCUOME BBISB-
JICHHBIX NPEAIIOYTECHUM.

6. Ilokaxwure, 4TO BBHINOJIHACTCS COOTHOIIEHHE Ap, Ay — Aw Ax > 0.

7. WI3BeCTHO, YTO CHIPOC MOTPEOUTENS YAOBIETBOPSET 3aKOHY CIIPOCa TOJIBKO B Cllydyae
Onar, He sBysIOIIMXCcA ToBapamu ['uddena, a cnpoc Ha GakTOpsI MPOU3BOACTBA yIOBIIE-
TBOpSIET 3aKOHY crmpoca Bceraa. Kakue ocoOeHHO Mojenel paloHaJIbHOTO TOBEACHUS
IIPOU3BOIUTEIS U IOTPEOUTEINS IPEIONIPENIENAIOT TAKUE OCOOCHHOCTH UX MOBEACHHA?

8. IlycTh GpyHKIMS PUOBUTH IPOU3BOIUTENSI UMEET BU/T

n(p) =piln’ — 1)+ pa.

[TpoBepbTe, uTO 3Ta PYHKIHS YAOBIETBOPSET CBOWCTBAM (QYHKIMH NpuoObLH. BoccTano-
BUTE 110 (PYHKIIMH MPUOBLIN COOTBETCTBYIOIIEE €l TEXHOJIOTHUECKOE MHOXKECTBO.

9. ITycTh GyHKIMS MPUOBLIN MPOU3BOAUTEIS UMEET BH/]T

1 o - o 1
— 1- 1- 1- 1-
T(pyw) =p, % ()~ W ()
[TpoBepbTe, uTO 3Ta (PYHKIMS YIOBIETBOPSET cBOiicTBaM (hyHKuMU npubbud. Haiinute
¢ynkuuio cupoca. Boccranoure mo GpyHKIMM MPUOBUIA COOTBETCTBYIOIIEE €l TEXHOJIO-
THYECKOE MHOXECTBO.

1.4. dyHKUuUs1 u3dep)KeK U ee ceolicmea

Wtak, Mbl U3y4WJIM OCHOBHBIE CBOMCTBA MOJCIIA PALMOHAIBHOIO IOBEACHUS IPOU3-
Bogutens. 1lo nmpuunHaM, KOTOpBIE CTaHYT SCHBI U3 JAIbHEHIIEr0, B MUKPOIKOHOMUKE
YTBEPAWIACH TPAJAMLHUS ONKCHIBATH TEXHOJOTHIO MOCPEACTBOM (PYHKIIMM H3JAEpkKeK. B
3TUM maparpade NpUBEAEM COOTBETCTBYIOIIME pE3yIbTaThl OTHOCUTEIHHO CBOMCTB
(byHKIUI U3EepKEK U CBSI3b 3TOTO MOHATHUS C PACCMOTPEHHBIMH BBIIIIE.

Ilycts, Kak ¥ paHee, y — BEKTOP BBIIIYCKA, a X — BEKTOp 3aTpaT Ha €€ IMIPOU3BOJCT-
BO.

Onpenenenne 4.

JI1s1 Kas10T0 BEeKTOpa BIMycka y MHOXECTBO TpebyeMbix 3atpaT V(y) — s1o
MHO>KECTBO BEKTOPOB 3aTpaT, 00ECIEUNBAIOLUIUX 3TOT BBIMYCK NPH JaHHOM TEXHOJOIHU-
YeCKOM MHOKECTBE Z, T.C.

V) = {x | (=x, p)eZ}.

W3 mpeamnonaraeMbeIx CBOWCTB Z BBITEKAIOT HEKOTOPBIE CBONCTBAa MHOXecTBa V(y) u
COOTBETCTBYIOIIETO 0ToOpaxkeHus V(.):
1. U3 BBIMYKIJIOCTH Z CENYET BBITYKIOCTh MHOXKECTB V(p):




2. 13 cBOOOIBI pacxomoBaHus i Z CleAyeT cBoOOJa pacXoJ0BaHUs JJISi MHOXKECTB

y):
xe V(y), X' =>x =x'e V(p).
3ameTnM, 4To 00paTHOE, BOOOIIE TOBOPS, HEBEPHO.

OOBIYHO TpeArnoaaraeTcsi MOHOTOHHOCTh

2 otoOpaxenust V(.), T. €. BIOKEHHOCTh MHO-
xKectB V(.):
y<y =Vy) cy).

MuoxectBa V(y), Kak U Z, B IPeArnoso-
KEHUH CBOOOJHOTO pPACXOJOBAaHUS MOXKHO
CTPOUTH 1O IPOU3BOJCTBEHHOU (DYHKITUU:

x V) = x| () > v}
OO6patHO, B ciydae OJHOIPOIYKTOBOMH

PucyHok 10. MOHOTOHHOCTB p > yd JIHOTIPOZLYK
v(.) TexHojoruu (y € R), MO)XKHO onpenenuTs Ha
ocHOBe V(.) MpOM3BOACTBEHHYIO (DYHKIIHIO

CIIETYIOIIUM 00pa3oM:
fx)=maxy . .

YT1Bepaxnenue 13.
Ecnu otobpaskenue V(.) MOHOTOHHO, TO COOTBETCTBYIOILAs! TPOM3BOICTBEHHAS (DYHK-
1I1s1 MOHOTOHHA, a €CJIM K TOMY K€ MHOKECTBa V() BBIITYKJIbI, TO OHA KBa3UBOTHYTA.

HHokazamenbcmeo:

I[OKa?)aTCHBCTBO 9TOI'0 YTBCPKACHUA OCTABJIACTCA YUTATCIIIO B KAYCCTBC YIIPAKHCHU .
|

B tepmunrax mHOkecTB V()) MoxkHO onpenenuts W3OKBAHTbI a1 1aHHON TEXHOJIO-

TUH
00 ={xely) | xeV0), Vy>y}.

OTO MHOKECTBO TaKUX BEKTOPOB 3aTpaT X, KOTOPbIE MMO3BOJISIOT MPOU3BECTH y, HO HE
MO3BOJISIIOT Tpou3BecTH Oosbiie y. Takum oOpa3om, m3okBanta ((y) — 3TO TpaHHUIIA
MHOXkecTBa V().

Hanpumep, nns npousBoactBeHHo QyHkiuu Kob66a-/lyrimaca ¢ aByMs BHaaMu 3a-
TpaT UMeeM

Z={(=x1,7x2.) | y<ori %y %

V)={(x1.x2) | y<x %' %}
0)={(x1.%2) | y=x1%, %}

Hamomanm, uto yepe3 w Mbl 0003HaYaeM IIEHBI 3aTPAYUBAEMBIX PECYPCOB (4acTh 00-
IIEr0 BEKTOpa LIEH p, COOTBETCTBYIOILAS —X).

1o ananoruu ¢ 3agayeit 3 paccCMOTPUM CIEAYIOLIYIO 33a4y




3anaua 4.
wx — min

x e V).

Onpenesienne 5.

CDyH KUUSA N3aepxek c(w, y) — 3nadenue neneBoid Gpynkmuu 3anaun 4 — i Ka-
JKIIOTO BEKTOpA IIEH W U BBIIMYCKA ¥ YKa3bIBAET MUHUMAJIbHYIO BEJIMUUHY U3ACPKEK, TIPU
KOTOPBIX B COOTBETCTBUE C JAHHOW TEXHOJIOTUEH MOKHO TPOU3BECTH .

Ecnu TexHonorus 3agaHa mpou3BOACTBEHHON (BpyHKIHEH ) < f(x), To 3amavya 4 mpumMer

BU:
WX — min

y = flx).

VYrBep:xknenue 14. (CpoiicTBa (pyHKIuM u3aepxkek c(w, y) BBINYKJIOH TeXHOJ0-

TUM)
1) c(w, y) TOMOXUTEIBHO OJTHOPOIHA TIEPBOM CTEIMEHH T10 IIeHaM (HaKTOPOB:
c(Aw,y)=Acw,y).
2) MoHOTOHHA TI0 1IeHaM ()aKTOPOB U BBIITYCKY.
3) Boruyra no neHam (TOTOYEUHBIH MAKCUMYM BOTHYTBIX (DYHKITHI).
4) HemnpeperiBHa.

HHokazamenbcmeo:

I[OKaSaTeHBCTBO 9TOr'0 YTBCPKACHUA aHAJIOTHUYHO MMPUBOJUMBIM PAaHCC U OCTABJIACTCA
YUTATCIIO B KAYCCTBC YIIPAXKHCHHU .

|

X2

Vy)

H30KBaHTa

o)

X1
—

PucyHokx 1l1. [locTpoeHMe oGyHKUMKM MB3OEPXEK
B nanbpHelmeM HaM ITOHATOOUTCS TAKKE ITOHATHE (byHKuI/H/I YCJIOBHOTI'O CIIpoca.

Onpenesenne 6.




OYHKUNS YCNOBHOMO CMNpPOCa Ha (akTophl NPOU3BOIACTBA X(W, y) €CTh ONTH-
MaJlbHOE peleHue 3aaauu 4.

3aMeTuM, 4TO (QYHKIMS U3AEPKEK U (QYHKIUS YCIOBHOTO CIIpoca Ha (akTOphl MPOU3-
BOJICTBA ONpEeNCHBI AT TI000H TEXHOJIOIHH (HEIyCTOro 3aMKHYTOTO MHOKECTBA Z).

Yr1Bepaxnenue 15. (CoiictBa pyHkunu x(w, y))

1) ®ynakuus x(w, y) 0IHOpPOJHA HYJIEBOW CTETIEHU KakK (YHKIUS IIeH (PaKTOPOB MPO-
M3BOJICTBA.

2) Ecnu MHOXeCTBO V(p) CTpOro BBINYKIIO, TO X(W, y) — OJHO3Ha4YHasl HEIpEPbIBHAS

byHKIHS w.

HHokazamenbcmeo:
I[OKaSaTeJIBCTBO 9TOr'0 YTBCPKACHUA aHAJIOTHUYHO MMPUBOJUMBIM PAaHCC U OCTABJIACTCA

YUTATCIIO B KAYCCTBC YIIPAKHCHHU .
|

Ecnu kpome Toro ¢yHkuus uzzepxexk auddepeHiupyema, To BepHa Jemma Llen-
napaa:

YT1Bepxnenue 16.
* *
[TycTb X — BEKTOp YCJIIOBHOTO CIpoca Ha (hakTOphI MPOU3BOACTBA MIPH LIEHAX W , KO-
rna Tpedyercs mpoussectu y. Torna
*

de(w . .
JBW'ZZ:x,-(w ,V)=Xi .

NN
Vc(w*, y)= x ,

oxkazamenvcmeo:

Beenem dyukmuio g(w) = c(w, y) —wx .

[To onpenenenuto GyHKIUU U3AEPKEK PYHKIHS g(W) JOCTUTAET MAaKCUMyMa B TOYKE
w:

g(wl <0.
gw)=0.

Ecnmu ¢ynkumsa msnepxex auddepeHnupyema, To g Toxe nudpdepenupyema. Ecnu
TOYKA ONTUMYMAa BHYTPEHHSA (w">0), T0 1O YCIIOBHIO IIEPBOTO MOPSAKAa MAKCUMyMa I'pa-
JTMEHT €€ JOJDKEH ObITh PaBeH HYIIO:

Vew)=0 < Vew',y)=x".
|

[Toctpoum mo ¢yHKUMU U3AEPKEK c(w, y) IpU HEKOTOPOM (PUKCHPOBAHHOM OO0BbeMe
IPOM3BOJICTBA CJIEYIOIee MHOXKECTBO:
Ve@):={x|wx = c(w,y) Vw=0}.
[Tpu m060M BEKTOpE BBIMYCKA ) 3TO MHOXECTBO SIBJISICTCS BBINYKJIBIM IO TIOCTPOE-
HUI0. Tak Kak IIeHbl HEOTPHLATENbHBI, TO BBIOIHACTCA TAKXe CIIEAYIOIIee CBOMCTBO,
KOTOPOE MO>KHO Ha3bIBaTh CBOMCTBOM CBOOOJIBI PACXOJJOBAHUS PECYPCOB:




Ve(y) = Ve(y) + RS, (*)
T.€. €CITU X MPHHAMICIKUT MHOKECTBY Ve(y) U X' > X, To X" TaKke MPUHAICHKHUT MHONKE-
cTBYy Vo (p).
ScHo, uTOo MHOXECTBO TpeOyembix 3atpaT V(y) u Ve(y) MOTYT HE cOoBIaaTh, €CIIU Ca-
MO MCXOJHOE MHOXECTBO JIOITYCTUMBIX 3arpar V(y) He SBISETCS BBIMYKJIBIM UM MOHO-
TOHHBIM.

Yr1Bep:kaenue 17.
[Tycts V(y) BBIMyKII0O€ 1 MOHOTOHHOE (YOBJIETBOPSIOIIEE CBOMCTBY (*)) MHOXKECTBO.

Torma V(y) = V(p).

Jloka3aTeJabCTBO:

ﬂOKaSaTeJ'II)CTBO 9TOI'0 YTBEPKACHUA OCTABIACTCA YUTATCIIIO B KAYECTBE YIIPAXKHCHU .
|

OTtMeTuM, 4TO naxke eciiu MHokecTBa V(y) u Ve(y) HE coBNamgaroT APYyr C IPYroM, 3TO
pa3nyre He CYNIECTBEHHO C TOYKH 3PCHUS OIMMCAHUS TOBEICHHS IPOU3BOJIUTEIS, T0-
CKOJIBKY V() MOpoXaaeT Ty ke camyro GyHKIUIO U3ACpKeK, uTo u V().

Yr1Bep:kaenue 18.

[Tycth c*(wy) — pelieHue 3a1auu
WwX—min,
xe V.(p).

Torna c*(w,y)Zc(w, »).

Jloka3aTeJabCTBO:

ﬂOKaSaTeJ'II)CTBO 9TOI'0 YTBEPKACHUA OCTABIACTCA YUTATCIIIO B KAYECTBE YIIPAXKHCHU .
|

3aMeTHM, UTO JBa OTH YTBEP)KIACHHS — aHAJIOTH COOTBETCTBYIONIUX PE3yIbTaTOB OT-
HOCHMTENBHO CBA3U Zu Zy, TU(p) u T (p).

OTO yTBEpXKJEHUE 0OOCHOBBIBAET BO3MOXKHOCTD MOJYUEHHSI HEKOMOPO20 MHOXKECTBA
JOIyCTUMBIX 3aTpaT V(y), mopoxxaaromero GyHkiuo usaepxex c(w,y). Ho coBnagenune
Ve(y) n V(y) BO3MOXXHO TOJBKO B TOM Cilydae, Korna V(y) yaoBIETBOPSAET MPEIIION0NKE-
HUSIM BBIITYKJIOCTH M MOHOTOHHOCTH. IlpakTndeckuil cocod BoccTaHOBICHHS V yuTa-
TE€Jb MOXKET CKOHCTPYHPOBATh CaM.

B 3akimroueHne ykakeM Ha CBA3b MEX]y IBYMs TUIIaMH KPUBBIX: U30KBAaHTaMH B IIPO-
CTPAHCTBE BO3MOXKHBIX H3JIEPXKEK, ONpeNeIsieMbIMU YpaBHEHUAMHU Tuna f(x) = y mpu
pasHBIX ¥ M U30KOCTAaMH B IIPOCTPAHCTBE BO3MOXKHBIX II€H, ONPEACIIIeMbIMU (POPMYIIaMu
tumna c(w,y)=const.

Jis HarJsiAHOCTH PAcCMOTPHUM Cydail ABYX NPOU3BOACTBEHHBIX (akTopoB. Torma
IIPY MOHOTOHHOM TEXHOJOTMH MOKHO PacCMaTpHUBAaTh MU30KBAHTY KakK (DYHKIHIO X»(X1), @
U30KOCTY — Kak (pyHKIUIO wo(w;). DTH 3aBUCUMOCTH 3aJaIOTCSI COOTBETCTBYIOLUMU
COOTHOIICHUSIMH, OTIPEICISIOIIUMH X KaK HesIBHBIC (DYHKITHH.




N3 onpeneneHnss H30KOCTHl UMEEM
c(witdwy, watdw,, y) = c(wy, wy, y) unu

dwlaa_v; +dW28870 =0
Torna
dc
dw, aw1(w’y) xwy)  xi
dw,  dc T Towy) x
s w.y)

AHanoru4Ho MOJIydYuM COOTHOIICHUC JIS1 U3OKBAHTLI

U (x)

do_ X1 ow
dei of(x) wy
E)xz

OTH COOTHOIICHHS JBOWCTBEHHOCTH MOKAa3bIBAIOT, YTO 4YeM OOJIbllle KPUBU3HA H30-
KOCTBI, TEM MEHbIIIE KPHUBH3HA M30KBAHTHI, 1 Ha000poT. JlelicTBUTENbHO, HA TpaduKax
BUJHO, YTO €CJIM JBE TOYKH, X U X OJHOTO Trpaduka JajeKku Apyr oT Apyra, a UX Kaca-
TeJNbHbIE ONMM3KM (Manas KpPUBHM3HA, TO €CTh CHJIbHAs B3aUMO3aMEHSEMOCThb 3aTpar B
IPOM3BOJICTBE), TO B JIBOMCTBEHHOM TpauKe COOTBETCTBYIOIINE TOYKH W, W OyayT Xa-
pPaKTepU30BaThCs, HAOOOPOT, OJIM3KUM MOJOKEHHUEM, HO CHIIBHO OTIMYAIOIIMMUCS Kaca-
TEJIbHBIMU.

X2 Wy
x’ W
X w
o) c(w,y)=const
M30KBaHTa X1 H30KOCTa WT

Pucynox 12

[Ipu momHOW B3aMMO3aMEHSIEMOCTH 3aTpaT JIO0OW CTPYKTYpE 3aTpaT COOTBETCTBYET
OJIHA U Ta ke CTPYKTypa meH (cM. puc Hke). Takum oOpazoM, CTpyKTypa IIeH HE oIpe-
JIeNIsIeT OTHO3HAYHO CTPYKTYPY 3aTpar.



e wy 4
w2
4 ewy)
w2
X2
i ’
X'y X wi XX
B nmr060ii Touke oTpeska MHoxecTBO npou3BoAHbIX  KpuBas crpoca
NPOU3BOJIHAS OJIHA U Ta XK€ OJIHOM TOYKE

Pucynox 13

N naoOopoT, ecinu 3aTpaThl JKECTKO B3aUMOJIOIOIHAEMBI, TO LIEHBI, IPU KOTOPBIX 3TH
3aTpaThl MUHUMHU3UPYIO U3/IEPIKKH, ONIPEIEISIIOTCS HEOJHO3HAUHO.

w
4
W
X2

V4
w2

7

- ¥ X

X1 X w'y W’ Wi X1 1

PucyHok 1l4. Curyaumsi, obpaTHas NOpemsgylein

Eme oguH «HEperymspHblil» cilyyall— HeBbIMYKIOCTh IRS — mimtoctpupyer Huke-
CIENYIOLIUI PUCYHOK.
IIpu pa3sHBIX BEKTOpPAx LEH W OJUH U TOT XKE X.



4
X2 wi pa3pbIB

wWa

wWa

X2

’
X'y X1 wi XX

PucyHok 1l5. MBokBaHTa He SIBJISIETCSI BHOYKJIOM QyHKIMeMn

Tecmul u 3a0auu 013 CAMOCIOAMETIbHO20 DeUleHu

1/2 3/4

1. ®ynknusa c(y,w)=y “(wiwy)” sBIgeTcs QPyHKIIMEH U3IEPKEK AJIT HEKOTOPOM TEXHO-

JIOTUH

¢ Jla

¢ Her

¢ HenocraTouno napopmaruu

2. Oynaknusa c(y,w)= (y + l/y)(wlwz)l/2 ABJISICTCS (PYHKITMEH U3JIEPKEK JUIsl HEKOTOPOM
TEXHOJIOTUU

¢ Jla

¢ Her

¢ HenocraTouno napopmaruu

3. ®ynkusa c(y,w)= y(w; — (wlwz)l/ 2+ w,) sBisiercst (BYHKIMEH H3IEpXKeK sl HEKOTO-
pOH TEXHOJIOTUH

¢ Jla

¢ Her

¢ HenocraTouno napopmaruu

4. Oyukus c(y,w)= y(w; + wy) aBisieTcss PyHKIMEH U3AepKEK 1T HEKOTOPOH TEXHOJIO-
TUH

¢ Jla

¢ Her

¢ HenocraTouno nadopmaruu

5. @yukusa c(y,w)=y min{w,, wy} sBiseTcs QyHKIHUCH U3AEPKEK JUIST HEKOTOPOH TeX-
HOJIOTUU

¢ Jla

¢ Her

¢ HenocraTouno nadopmaruu



6. Oyakus  c(y,w)=y(a wi + b w,) aBnseTcs pyHKIMEH U3IEPKEK i1 HEKOTOPOH Tex-
HOJIOTHH

¢ Ilpu nonoxuTenbHbIX KOdPPHUIMEeHTax a u b

¢ Ecnu a paBHO b

¢ Ilpu moOeix ko3 dunmentax a u b nanuas ¢GyHkuus He sBiseTcs QyHKIMEH u3aep-
JKEK JUISI HEKOTOPOM TEXHOJIOTHUH

7. @yaknus c(y,w)=y min{a w;, b wy} sBaserca QyHKIMEH U3IEPKEK A HEKOTOPOM
TEXHOJIOTUU

¢ Ilpu nonoxuTenbHbIX KOdPPHUIHMEeHTax a u b

¢ Ecnu a paBHO b

¢ Ilpu moO6eix ko3 dunmentax a u b nannas ¢pyHkuus He sBiseTcs QyHKIMEH u3aep-
JKEK JUUI1 HEKOTOPOU TEXHOJIOTUH

8. Oyukims c(y,w)=y wi” wy” sBrsteTcs ¢byHKUMel n3aepxKex Ui HeKOTOPOH TeXHOJIO-
THH

¢ Ecnu cymma g+b MeHbIIIe WM paBHA €TUHHIIBI

¢ [lpu nonoxuTenbHBIX KO3PPUIMEHTaX @ U b U ecnu cymMMa a+b MEHblIe WM paBHA
eIMHUIE

¢ Ilpu nonoxurenbHbIX KOdQPHUIUEeHTax a u b 1 ecnu cymma a-+b 607bIIe eTUHHUIIBI

9. MHOXECTBO TpeOYEeMbIX PECYpPCOB Ha MTPOU3BOJICTBO 00BEMa ) 3a/1aETCSI HEPABEHCTBOM
2
ax + bx, > y” npu a,b>0.
Kakoii Bu1 IMeeT COOTBETCTBYIOIIAst IPOU3BOICTBEHHAS (DYHKIIHS?

10. Haiiaure GyHKIIUN U3IEPKEK IS CIIEAYIOIUX MTPOU3BOACTBEHHBIX (DYHKIIHIA:

a. F) =TIx", 0;>0.

n

0. fx)=3 ax’
B. f(x)=min{¥i/, }
r £(9=zax;

i=1

11. Ilpenmnonoxum, 4TO MNPEANPUITHE HUMEET CTPOrO BOTHYTYIO MPOU3BOJCTBEHHYIO
dbyakuo f{x). PaccMoTpuM crieayromme 1Be 3a1a49u:
WX — min fix) > max
y* < flx) wx<c
Jlokaxkute cieayronue 1Ba yTBepKACHUS:
I. ITycts x" sBisercs peleHreM nepBoi 3amayn. Torma x" sBisercs pEllIeHHEM BTO-
poH 3aauu mpu c=wx.
II. ITycth x* sBsercs pelenremM BTopoit 3agauun. Toraa X" sBsercs pelIeHreM mep-
BOH 3aJ1a4¥l TIPH y*= f(x*).



12. Ilpeamnonoxum, 4yTo MPEeANpPUIATHE CO CTPOTO BOTHYTOW MPOMU3BOJACTBEHHOMN (yHKIIU-
el fx) umeer yHKIMIO U3AEPKEK (W, V). JJoKaxkuTe, 4TO ONTUMATHHBIA 00BEM TPOU3-
BOJICTBO B CJICAYIOLIUX JIBYX 3aJa4ax COBIIAJacT

Py — WX — max , « Py —c(w,y) — max

y < flx)

13. Jloxa3aTh, 4yTO ecnu (PyHKIHS H3AEPKEK BBIMYKIA, TO HMPOM3BOJIUTENIO BHITO/IHEE
IPOU3BOIUTH MPOIYKIHUIO, YEM 3aKPBITHCS (IPOU3BOIUTH HYJIEBOM 00BEM).

14. loxaxure YTBepxkaeHue 13.
15. Hokaxute YTBepxkaenue 14.
16. Hokaxute YTBepxkaenue 15.
17. Hokaxute YTBepxkaenue 17.
18. lokaxute Y1Bepxkaenue 18.

19. Ilycth (hyHKIMSA U3EPKEK CTPOTO BOTHYTA, U, KpoMe Toro, C(0) = 0. lokaxwure, 4To
naHHas (YHKIMS U37epKeK ObUIa MOpoKIeHa MPOU3BOJICTBEHHON (DyHKIMEH, KOTOpas B
TOYKaX ONTHUMAJILHOTO BHIOOpA MPOM3BOIUTENS XapaKTEpU3yeTCs BO3pacTaloulei oTaa-
yeil oT MacuITada.

o 19 v o
20. 1151 TEXHOJIOTHH, OTIMCBIBAEMOM MPOU3BOICTBEHHOW (PYHKITHEH f(X) = X , BBIYUCIIHTE
byHKM0 H3aepkek. [lokaxure, 9To GYHKIUS H3IEPKEK OJHOPOJHA IO IeHe (akTopa
MIPOU3BOICTBA U BBIMYKJIA 110 BBIMYCKY ()).

21. Iloka3aTh, 4TO eciii MPOU3BOACTBEHHAsS (PYHKIMS KBA3MBOTHYTA M 00JaJaeT MOCTO-
SHHOM oTnaveil oT Macmraba, TO QpyHKIUS NMpEeAEeTbHBIX HU3/IEPKEK HE YOBIBAET IO BbI-

MyCKY.

22. MHOXeCcTBO TpeOyeMbIX pecypcoB Ha MPOU3BOJICTBO 00bEeMa ) 3a7acTCsl HEPABEHCT-
BOM
ax; +bxy > y2 pu a,b>0.
[TocTporite QyHKIHIO U3IEPIKEK.

23. Ilokaxkure, yTO M3AEPKKH (PUPMBI BO3PACTYT, €CIIA IICHBI HA BCE BBITYCKAEMBIE €10
MPOIYKTHI YBEIMYATCS MPONOPIHOHATIBHO.

24. Tlpeamnonoxxum, 4To MPOU3BOACTBEHHAsT (PYHKIHS CTpOro BOTHYyTa. [lokaxkuTe, 4TO
GyHKIMS U3EpKEK BBITYKJIA U CTPOTO BBIMYKJa, €CIIU XOTs Obl OIMH (PaKTOp MPOU3BOJI-
CTBA SIBJIIETCS TEPEMEHHBIM (T.€. B KPAaTKOCPOUYHOM, CPEIHECPOYHOM M JOJITOCPOYHOM
nepuoie).



25. ®dupmMa UMeeT 7 3aBOJIOB, U3JIEPKKU MPOU3BOJCTBA HA KOTOPBIX ONHUCHIBAIOTCS Clie-
2 .
OyIOMMMU QYHKIUAME (V) = 0, )", i=1,...,n. Onpenennure GyHKIUIO U3EPKEK GUPMBIL.

26. dupma uMeeT /1Ba 3aBO/A, U3JIEPKKUA IPOU3BOICTBA HA KOTOPHIX OMUCKHIBAIOTCS CJe-
QyOIUMU QYHKIUSIMH C1()) = ocy2 , ¢2(y) = By. Onpenenute QyHKIUIO H3AEPKEK HUp-
MBI.



1. NMoBeaeHue noTpedUTENA B YCNOBUSAX pUCKa

lMpednoymeHus Ha Jomepesix u ux npedcmasumMocmb JIUHEUHOU hyHKyuel
nosiesHocmu

OObruHas cutyanusi BbIOOpA, C KOTOPOM CTANKHBAETCS YKOHOMHUYECKUE areHThl, — 3TO CH-
Tyalysi, KOrJa ajJbTepHATUBbI MPEJICTABIIAIOT COOON pacnpeneseHus BEpOSATHOCTEH Ha HEKOTO-
POM MHOKECTBE BO3MOKHBIX CUTyalluidl. bynem Ha3pIBaTh 3TO MHOXKecTBO MHOXXECTBOM CO-
CTOSIHUW MUPA. C Touku 3peHHs TEOPUU BEPOSTHOCTEN 3TO MHOYKECTBO JIEMEHTAPHBIX HC-
x0/10B. [TocKONBKY MBI paccMaTpuBaeM B JaHHOM CIIy4ae eIMHCTBEHHOTO MOTpPeOuTeNs, TO COo-
CTOSIHUE MMpa MOXXHO OTOXAECTBUTH C IIEPEMEHHOH (X), ONMMCHIBAIOLIEH €ro IOJIOXKEHHUE, a
MHO’KECTBO COCTOSIHMM MHpa — ¢ MHOKECTBOM cUTyaluil (X), B KOTOPBIX OH MOXET OKa3aThCsl.
3T0 MOXET OBITh, HAPUMEP, HEKOTOPBIH HA0Op U3 MHOXKECTBA JOMYCTHMBIX MOTPEOUTEIBCKUX
HabopoB. YacTo paccMaTpuBaroT ciydaid, koraa X = R. B aToM cinydae anpTepHaTHBBI OOBIYHO
Ha3bIBalOT BbIUTPbILLAMWU (aeHeKHBIMH BBIUTPHIIIaMHU). B Teopun npeamnoyTeHuii Ha jgoTe-
pesax He UMeeT 3HAYEeHUs, KaKyr0 HMEHHO IIPUPONY UMEIOT pacCMaTPUBAEMBIE BEIUTPHIIIH.

Omnpenesienne 1.
I[lon MPOCTON JIOTEPEEN Mol Gynem moHuMath napy (X,, p), rae X, — HEKOTOPOE KO-
HEYHOE MOJIMHO>KECTBO MHO>KECTBA COCTOSIHUN MUpa X, p — BEKTOP BEPOSITHOCTEH UX IMOJTy4e-
HUSL.

B TepMuHax TeopUM BEPOSTHOCTEU MPOCTAst JOTEpEs SABIACTCS MPOCTONU BEPOSITHOCTHOU Me-
poii. [IoHATHO, YTO N0 ONPENEIICHUIO BEPOSITHOCTH

px)> 0 (x€Xy) u D ey, p(¥)=1.
[Tpoctyto m10TEPEr0 MOKHO MPEICTABUTH CIEAYIONIEH TaOIuIIei:

px1) [ pe) | ... | plxp)
X1 X2 X

MHOXecTBO BCEX BO3MOXKHBIX MPOCTHIX JIOTEpel ydacTHHKA 0003HauuM P. 3aMeTHM, 4TO
¢GyHKIMIO p(.) MOXKHO CUMTATh 33JJaHHOH Ha BCEM MHOXeCTBe X, cuutas, uTo p(x) = 0, ecnu x &
X,. Torna X, = {x € X | p(x) # 0} n 6e3 orpaHuYeHUs] OOLUIHOCTH JIOTEPEIO (X}, p) MOXKHO OTO-
XKIECTBIATH C p. B nanpHeiimem Oynem npuaepKUBaTbCsS STOTO YIPOIICHHS.

Onpenesenne 2.

Jlns mo6oii mapsl DoTepei p, ¢ € P u uncna o € [0,1] onpenenum BbINYKITYHO KOMOU-
HaLUWUKO p ¢ 0L¢ g Kak JIOTepero, MHOKECTBOM HCXOJIOB KOTOPOl SBIsETCS OOBbEIMHEHHE MHO-
’KECTB MCXOJJ0B paccMaTpHBaeMbIX sotepeit (X,UX;), a BeposATHOCTh McXoa X PacCUUTHIBACTCS
o ¢opmyie

{ op(x) + (1-0) g(x), xeX,UX,
0, xe X,UX,



Jlerko MOHSTH, YTO MHOXKECTBO BCEX MPOCTHIX JIOTepel P COAEpkKUT BCE BBIMYKIIbIe KOMOWHA-
IIUH CBOMX DJIEMEHTOB.

[IpenyioskeHHOE oTpeeneHne o3HavaeT (PakKTUIECKH, YTO OIICHKA JIOTEPEH MOTPEOUTENeM He
3aBUCHUT OT CIocoba ee peayi3anuu. To ecTh B OLICHKE JI000H JIOTEpen MOTPeOUTEIh OPUEHTH-
pyeTcs JHIIb Ha HCXOJIbI ATOH JIOTEPEH M BEPOSITHOCTH, C KOTOPHIMH 3TH HCXOJIbI PEaTU3yIOTCSI.
Tak nBe ykazaHHBIC HIDKE JIOTEPEH DKBUBAICHTHBI, IIOCKOJIBKY MPHUBOISIT B KOHEYHOM HUTOTE K
OJTHUM M TE€M >K€ UCXOJIaM C OJIMHAKOBBIMHU BEPOSTHOCTSIMH 3THUX MCXOJIOB M MTOITOMY paccMar-
pPHUBAIOTCS KaK OJIHA M Ta )K€ aJbTePHATHBA.

i pqi H1-p) g o
X2
p(-q1) o
X1
1-p)(1-q2)
X3 (6) B

PucyHok 1. CrnmoxHasi (a) M SKBMBajleHTHas npocras (6) morepest

Ha pucynke 1(a) nzo0paxena aByxstanHas jorepes. Ha nepBom 3tamne notpeduTesns ¢ Bepo-
ATHOCTBIO p NOJy4aeT IPaBO y4yacTBOBATh B JIOTEPEE, B KOTOPOH HUCXOJ X| PEATU3YETCs C BEPO-
ATHOCTBIO ¢, X2 — C BEPOATHOCTHIO 1— ¢, M C BEPOSATHOCTBIO 1—p MOJydaeT npaBo y4acTBOBATh
B JIOTEpEE, IIPU KOTOPOI € BEPOSITHOCTBIO ¢> PEATU3YETCS UCXOM X| U C BEPOATHOCTBIO 1—g» —
ucxon x3. Ha pucynke 1(6) nmpeacraBieH 01HO3TAIHBII BapHaHT 3TO JIOTEpen.

B nanpHeiimeM HaMm IS YOPOIICHUS BBIKJIATOK MOHAMOOSTCS HEKOTOPHIE CBOMCTBA orepa-
[[UU BBITYKJIOW KOMOMHAIIMH JIOTEPEH.

YT1Bepxnenue 1.
Omnepartyst BEITYKJIONH KOMOMHALIMY JIOTepel 001a1aeT CIeyIoMMU CBOUCTBAMH:
— peleg=p,
— pe0eg=gq,
— peaeg=qe(l-0)ep,
— (peBeg)ece (peyeg)=pe(af +(I-0)y)eq.

HHokazamenbcmeo:

I[OKaBaTeHBCTBO OCTaBJIACTCA B KQYCCTBC YIIPAKHCHUS.
]

[Ipenmnonoxum, 4yTo (HECTPOroe) OTHOLICHHE MPEATIOUTEHHS > OTPEOUTENS ONPEIEICHO HE
TOJIKO Ha MHOXKECTBE JIEMEHTApHBIX MCXOAOB X, HO U Ha 0ojee MIMPOKOM MHOXECTBE IpO-
cThiX Jotepet P. Kak u BbIlie, 0003HaYMM Yepe3 > COOTBETCTBYIOIIEE €My CTPOTOE OTHOIICHUE
IIPEANIOYTEHNUs, & YEPE3 ~ OTHOLICHUE YKBUBAJICHTHOCTH.

MB&I npearnonaraeM, yTo IPEANOYTEHUs YUaCTHUKA 001aJat0T CIeIyIOIMMH CBOMCTBAMHU:

(A1) OTHo1IeHHE > OTPULATEIHHO TPAH3UTUBHO U ACUMMETPHUYHO.

(A2) Axcuoma nezasucumocmu om nOCMOPOHHUX ANbIMEPHANUS:

[Tycts p > q u r — mpou3sBosbHAs HoTepes. Torna ans aro6oro o, 0 <o < 1 BBIMONHAETCS CO-
OTHOILICHHUE pP®O&r > geOér.




(A3) Axcuoma ucuepnarnus Apxumeoa:
Ecmu p > q > r, 10 cymectBytor uncina o, B € [0,1], Takue uto
peoer-q-pefler.

Onpenenenue 3.

bynem Ha3bBaTh QYHKIHIO TOJE3HOCTH U(.), MPEACTaBISIONIYIO0 MPEAMOYTCHUS HA JIOTEpe-
AX, TMHEWHOM, €CIIN JIJIsl IPOU3BOJIBHBIX JloTepell p, ¢ € P u uucna o€ [0,1] BepHO cooTHOMIE-
HHUC

Upeoeq)=oUp)+ (1-0)U(q).

YT1Bep:kaenue 2.
Ecnu npenmoyTeHuss Ha MHOXKECTBE JIOTEPEH MpPECTaBUMBbI JIMHEHHON (DYHKIMEH TOoJIe3HO-
ctu (U(.)), TO 3TH TIpeANOYTSHUS yIOBICTBOPAIOT cBocTBaM (A1)-(A3).

okazamenbcmaeo:
(A1) CgoiictBo (A1) oueBUIHO.
(A2) (HE3aBUCUMOCTH OT MTOCTOPOHHUX ATHTEPHATHR)
ITycts p > ¢q. Torma U(p) > U(q).
IlycTs r — mpou3sBoJibHAsA J0TEpEst, 00 — yucio, 0 <o < 1. Torma
Upeaer)=alU(p) + (1-o)U(r) >
> al(q) + (1-o)U(r) = U(qg e cLer).
[ToaTomMy pecier~qecier.
(A3) (axcuoma ucyepranusi Apxumesa)
Ilycte p >~ ¢ >r, TO ecTh
Ulp) > Ulg) > U(r).

Torna eciu
o> U(q) — U(r)
Ulp) - Ury
to o (U(p) — U(r)) > U(q) — U(r), oTKyna 10 CBONCTBY JIMHEHHOCTH p ¢ 0L F > ¢. AHaJOTHYHO,
ecnu
B < U(q) — U(r)
Ulp) - Ury
TOg>-pePer.
|

Ecnu npenmoyTeHust yuacTHUKA Ha JIOTEpPEsSX yIOBIETBOPSIOT akcuomaMm (A1)-(A3), To MOxk-
HO T0100paTh JIMHEHHYIO (QYHKIUIO ITOJIE3HOCTH, KOTOPasi MPEICTABISIET MPEIIOYTCHUS ITOTO
y4acTHUKA, TIPUTOM Takas JIMHEHHass (QyHKIHS MOJIE3HOCTH €AMHCTBEHHA. Hybke MBI TOKakeM
9TO, HCIIOJIB3YS CIIEAYIONIEe BCIOMOTATeIbHOE TPEATIOIOKEHHE:

(A4)' Muoxectso P COJICPKUT HAUXYIIINI W U HAWITY4IIUi b SIeMEeHTHI:
w=p>b VpeP.

JIns moka3atenbCTBa 3TOTO MPEIBAPUTENBHO JOKAKEM Pl yTBepxkaeHuil. Beroay mpemnmno-
JlaraeTcsi, YTO BBIMOJTHEHBI cBoMicTBa (A1)-(A4).

! Teopema BepHa 1 6e3 3TOTO MpeAnoNokeHus, cM. Hanp. [1.dumbepn. Teopus MONE3HOCTH AJIS PUHATHS Pe-
mennii. — M.: Hayka, 1978. Hwke npemiaraeTcsl oka3aTh 3TO YTBEPKICHHE CAMOCTOSTEIILHO B BHJIE CEPUU YT-
BEPKICHUI.




B cnydae, xorna b~ w, Bce oTeper U3 MHOXECTBa P HKBUBAJIEHTHBI U TOCTpoeHUE (yHK-
IIUU TIOJIE3HOCTH C HYKHBIMU CBOICTBAaMH HE BBI3bIBAET TPYAa:
Up) =C,
rae C — npousBosbHOE unciio. ([TosTHO, YTO KOHCTaHTa — JMHEHHas QyHkiwms.) [ToaTomy B
JanpHENIeM OyieM cuuTaTh, 4To w > b.

YT1Bep:kaenue 3.
Jlost 1r060i#t TIapsl I0TEpel p, ¢, TAKUX 9TO p > ¢, ¥ apsl gucen o, B €[0,1] ycmoBue
B>a
BBITIOJHSETCS TOT/1a ¥ TOJIBKO TOT1a, KOraa
pePeg-pece q.

Hoxazamenvcmeo:
JlokaxkeM cHadana, 4To u3 3 > o ciueayeT pe3eg - peceq.

o
B cinyuae 020 paccMOTpHM JIOTEPEIO ¥ = p‘?‘ q. J1ns Hee BBINOIHEHO

o o
r¢B¢q=4p¢[5¢m¢B¢q=p¢B Beg=peoegq.

o
Tak kak p > ¢, To 110 akcuome (A2) mpu FE (0,1] BeImONTHEHO

o o
pP=D¢ B oD -pe B qg=r.
Venosue p > r npu Be (0,1] mo3Bostsier eme pa3 mpuMeHUTH (A2):
pePeg-refeg,
OTKYy/Ia TIoJIydacM p4 3¢ g - pe 0ieq.
o
B npenpinyiiem nokazareabcTBE HaM TPeOOBAIOCH, YTOOBI F # 0. B ciryuae o= 0 cooTHO-

IICHHUEC P ¢ B 4 g > p ¢ 0.¢ g BBIIIOJIHCHO, TaK KaK
peoeg=pe0eg=qg=qefe g
1 Kpome Toro 110 (A2) umeeM go3eg<pefegq.

Joxaxxem oOpatHoe. ITycTh ISt HEKOTOPBIX O U [3 BHITOJIHEHO p4 0.4 g < p 43 ¢¢g, HO ipn
stom o > 3. Ecitt 0> 3, TO 110 TOJIBKO YTO JIOKa3aHHOMY p4 0.4 g > p 4 [3 ¢ ¢, UTO IPOTHBOPEYHT
ACHMMETPHYHOCTH CTPOTOTO OTHOIMICHUS mpeanodrenus. Eciam ke oo=, Topeoeqg =peeq,
9TO MPOTHUBOPEYUT HEPe(IEKCHBHOCTH OTHOIICHHS >. TakuM 00pa3oM, YTBEPXKICHUE JOKa3a-

HO.
u

bynem o6o03HavaTh yepe3 f(O) BBITYKIYIO KOMOMHAIMEH JTydIiel ¥ Xyamien JoTepei ¢ Ko-

s durmentom o< [0,1], T.e
f(o)=beoew.

0O0603HauyUM MHOXECTBO Takux Jiotepeit uepe3 f([0,1]). Hamomuamm, 4TO0 MBI paccMaTpuBaeMm
ToNbKO ciydair b >w. U3 onpenenenust pynkmuu f(.) ciemyer, 4TO OHA 3aJaeT B3aWUMOOHO-
3HAYHOE COOTBETCTBHE Mekay orpeskoMm [0, 1] u muOokectBoM f([0,1]), mockombKy mpu 0P
f(a) # f(B). Cnenyromee yTBepsKaeHHE MOKA3BIBAET, YTO HA OCHOBaHMU (QYHKIMHU f(.) MOXKHO
MOCTPOUTH (PYHKIIHIO MOJIE3HOCTH.

YT1Bep:kaenue 4.




Jns mo6oit notepeun p u3 P Haiinercsa equHctBeHHoe uncio U(p) € [0,1] takoe, uro cmpa-
BenmuBo f(U(p)) ~ p. @yukuus U(.) sBrnsercs: PyHKITUEH TOJIE3HOCTH, MPEACTABISIOMEH TaH-
HBIC TIPEATIOYTEHHS.

okazamenvcmeo:

Jns mo6oit notepen p € P HaM HY)KHO YCTaHOBHUTbH, UTO CYLIECTBYET SKBHUBAJICHTHAs € JIo-
tepes uz f([0,1]).

Korma p ~ b ntubo p ~ w 10Ka3aTenbCTBO CyliecTBoBaHuUs uncia U(p) TpUBHAIIBHO: OHO paB-
HO 1 1 0 COOTBETCTBEHHO.

PaccmoTpum cioyuaidi w < p < b.

O0603HaYUM MHOXECTBO YHCEN, COOTBETCTBYIOMUX JoTepesm u3 f{[0,1]), koTopeie mydrie p,

yepes A"
A" ={0e[0,1] | p<flo)}.
AHaJIOTHYHO MHOXKECTBO YHCEJ, COOTBeTCTBYIomux jorepesm u3 f{[0,1]), koTopeie Xyxke
4eM p, 0003HaUMM A :
4 ={o0e[0,1]] flo) < p}.
OTH ABa MHOKECTBA HEITYCTHI, TaK KakK | € AudeA.
Tak xax MHOXecTBa A , A, HEMYCTHl U OTPAHUYEHBI, TO CYIIECTBYIOT YUCIa
a=infd, o =sup 4.
JUIst 9THX 9HCeI CIPAaBEUINBO COOTHOIICHHE O, < O, ; B IPOTHBHOM CIIy4ae HAIIeICs Obl 06-
1wt oleMeHT 0 A , 0€ A, uto MIPOTHBOPEYHUT HEPEPICKCUBHOCTH >
IMokaxem, ato flor) <p < flor), T.e. 00 ¢ A u o e A. lpenmonoxum nportusHoe. IlycTs,
Harpumep, w < p < f(of). B Takom cnyuae B cuity (A3) CylIecTBYeT 7Y, TaKOe 4TO IS JIOTeper
weye f(of) CIPaBEJIMBO COOTHOILLIEHUE
weye flo) > p.
[Tockonbky
weyeflo)=weye (b oo ¢ w=be o' (1-y) ¢ w=Lfo (1Y),
TO ATO O3HAYaeT, YTO f(of(l—y)) > p. 3Ha4uT, 0c+(1—y) €A, anro IPOTUBOPEUUT ONPEICIICHUIO

ancna o . Utak, MIPEATIONI0KCHUE f(of) > p HeBepHO. [ToaToMy f(of) < p. Paccyxnenus s o
aHajornyHel. Takum oOpazom,
N _
flo)<p = flo).
— +
Ecnu conoctaBUTh 3TO C BBITEKAIOIIUM W3 Y TBEPXKIECHUS 3 U 0L < O COOTHOUIEHUEM
- +
flo) < fla),
TO
- +
flo) ~p~flo).
N
Takum o6pazom, mel MoxkeM BbiOpaTh U(p)= o . CymectBoBanue uncia U(p) 1oKa3zaHo.
EnuncTBenHocTs uncia U(p) cnenyer u3 YTBepKaeHus 3.
Teneps mokaxkem, uro U(p) ecth pyHkms mone3noctu. U3 YTeepxaeHus 3 cieayer, 4To U3
nByx norepeit u3 f{[0,1]) xyxe Ta, ko3 PuIueHT KOTOpO MEHbIEe U 00pPaTHO:
fla) < fiB) & a<p.
s nByX MpOM3BOJIBHBIX JOTEpEN p, ¢ € P COOTHOLIEHUE p < ¢ SKBUBAJIEHTHO TOMY, YTO
fUPp)) < fiU(q)). [TosTomy
r=q < Up)<Uqg.
]

YT1Bep:kaenue S.




Oynkius nonesnoctu U(.), Takas uto f(U(p)) ~ p, ABIAETCS TUHEHHOM.
Ota (GyHKIUS — €AWMHCTBEHHAs (C TOYHOCTBIO JI0 JIMHEWHOTO MpeoOpa3oBaHMs) JUHEHHAs

q)YHKHI/IH IMOJIC3HOCTH, IPEACTABIIAIOIIAA JAHHBIC ITPECATIOUYTCHUA.

Jloxkazamenvcmeo:

(JIuneitHOCTD)

MBI XOTUM J0Ka3aTh, 4YTO €ciu p, ¢ € P, ae[0,1], TO BEITOIHEHO
Upeaeq)=olUp)+ (1-0)U(q).

IIpn 0=0 u o=1 moka3zpiBa€MOE OYEBUIHO.

PaccmoTpum cayyaid 0 <o < 1.

[TycTh yTBEpKI€HHE TEOPEMBI HEBEPHO, HAITPUMED, 11 HEKOTOPHIX p, § € P
Upeoeq) <alp)+ (1-a)Ug).

Torma MosxHO mog06path yrcia 0 < B < U(p) u 0 < y< U(q), Takue 4to
Upeoaeq)=of+(1-0)y,

OTKyJa
peoeq~f(of+(1-a)y).
ITo cBoiicTBaM omepanuu KOMOMHUPOBAHHUS JIOTEPEH
F(@B + (1-0y) = be (B + (1-c)y) e w =
=(bePoew)ece(beyew)=f(B)eaefy).
[Mockoneky B < U(p), 10 f(B) < f(U(p)) ~ p, u 1o akcruome (A2) moaydnm
fB)eoefiy) < peoefiy).
AHajoru4uHeIM 00pa3oMm, nockoibKy Y < U(q), To BepHo cootHomenue f(Y) < f(U(q)) ~ q, n
o akcuome (A2)
PeOSfly)<pecieq.
[Toryuaem, B mpoTHBOpeyYne ¢ HEPeIEKCUBHOCTHIO OTHOLICHUS MPEANOYTEHUS <, IETIOYKY
COOTHOUIECHUH
peoeqg~flBecefly)<peaef(y)<peoeq.
AHaJOTrU4YHBIM 00pa30M MOXKHO MPHUUTH K MPOTUBOPEUUIO, TIPEIIONIOKUB, uTO U(p ¢ 0L¢ q) >
alU(p) + (1-0)U(g). 3uauwmr,
Upeaeq)=olUp)+ (1-0)U(q).

(EnnHCTBEHHOCTD)
[Ipeanonoxxum, uto V(.) — npyras nuHeriHas QyHkius noyiesHoctr. O003HaAYNM
Vip) = V(w)

V0 =76y~ Viwy
Jannoe mpeoOpa3zoBaHue ABIsSETCA TUHEHHBIM. [lokakem, 4To V*(p) = U(p). Nockoawky V(.)
JTUHEWHa, TO V*(p) Taroke nuHeiHa. Kpome toro, ¢pyHKInm V*(.) u U(.) coBmagaroT i XyAmen
Y JTy4dlIen JoTepei:
Viw)=Uw)=0u V' (b)=Ub) = 1.
DTO 03HayYaeT, 4YTo PyHKIIUU V*(.) u U(.) B cuty niueeiHocTH coBniagaroT Ha f{[0,1]). ITockob-
Ky Jiro0as sotepes u3 P skBuBaneHTHa jgorepee u3 f[0,1]), To V*(.) u U(.) coBmaiarmT Ha JIF000H
norepee u3 P.
]

Omnpenesienue 4.

DyHKIMSA MOJIE3HOCTH, MPEACTABIAIONIAsA TPEANOUYTEHUSI Ha JIOTEPESIX, Ha3bIBACTCA beH K-
uuen nonesHoctn HemmmaHa-MopreHwTepHa U(.), ecnu cymecTByeT onpejeneHHas
Ha MHOXECTBE UCXOJI0B (PYHKIM u(.), TaKas 4TO MOJE3HOCTH JI000i JTOTeper pacCUUTHIBACTCS
KaK oocuoaemas noiesHocms €€ UCXol0B. [Ipyrumu cioBamu,

UPp) = 2_rex, p(X) u(x).




®yukuus u(.) HasbiaeTcs ANIEMEHTapPHON PYHKUMEN NONE3HOCTU umu PYHKLIN-
eun bepHynnu.

N

YT1Bep:kaenue 6.
Ecmm U(.) sBnsieTcst MUHEWHONW (QYHKIIMEH MOJIE3HOCTH, MPECTABIAIONICH MTPEANOUTEHUS Ha
MHO€ECTBE MPOCTHIX JIoTepen P, To oHa umeeT Bua Helimana-MoprenmrepHa.

okazamenvcmeo:
O6o3HaunM &(xX) JIOTEPEIO B KOTOPOI X SIBISIETCSI €INHCTBEHHBIM HCXOJIOM, T.€.
X, = {x}.
Onpenenum GyHKIUIO #(.) HA MHOKECTBE JIEMEHTAPHBIX HCXOA0B X 110 hopmyIie
u(x) = U(3(x)).
Torna U(p) = Y _.cx, p(x) u(x). JJOKakeM 9TO YTBEPKIECHHUE 110 HHIYKIIUH.
[Tycth yTBepsKI€HUE JTOKA3aHO NS JIOTEPEH ¢ k ucxomamu, U MycTh p — JoTepes ¢ k+1 wuc-
xonoM. ITycte X" — oxuH U3 3THX UCX0M0B, T.¢. X'€X),. Toraa
p=38(x")ep(x)eq,
rae g — notepes ¢ X, =X,\x" u q(x) = p(x)/(1- p(x")) Vxe X,.
B cuny nunerinoctu pyakumu U(.)
UR(x") ¢ p(x') ¢ q) = p(x') u(x’) + (1= p(")U(q).
B cuny npeanonoxeHuss HHAYKIUN
U(q) = Dvex, 4(x) t(x) = D e, p()/(1= p(x)) ().
B urore momyuum TpeOyemblil pe3ynbTaT
Up) = (px) u(x’) + (1= p(x)) (Xsex, p)/(1- p(xX")) u(x)) =
= erxpp(X) U(X)

Oynkiusa U(p) onpenesieHa HaMU JIMITb HAa TMIPOCTHIX JoTepesx. Ecinu B qomomHeHne K CBOM-
ctBam (A1)-(A3) npeanonaoXuTh, YTO OTHOIICHUE MPEANOYTEHUS > ONPEACICHO HA MHOKECTBE
BCEX JIOTEPEH, 3aJaHHbIX Ha X, (T.e. OOPEIEBCKUX BEPOSTHOCTHBIX MEp Ha MHOKecTBe X) U He-
MIPEPHIBHO (B 1200 TOMOJIOTMH) HA 3TOM MHOXECTBE, TO MOCTpoeHHYI0 GyHKIMI0 U(p) MOXHO
OTIPENIeTTUTh Ha JII000H BEpOSTHOCTHOU OOPEJIEBCKON Mepe CTaHAAPTHBIM CIIOCOOOM, IMTOCKOIBKY
MHO>KECTBO IIPOCTBIX MEp SABJISETCS IUIOTHBIM BO MHOXECTBE BcexX OopesieBckux mep. Uurarenb
MOJKET JI0Ka3aTh COOTBETCTBYIOIINE YTBEPHKJIEHUS CaMOCTOSTENbHO, oOpalasich, B ciiyyae He-
00X0IMMOCTH, K yUeOHHKAM 0 MaTEMaTHYECKOMY aHaJIU3y U TOMOJOTHH.

bynem npeamnonaraTh, 4TO BO BCEX paccMaTpUBAEMbIX HUXKE CHUTYaIMsIX BCE HEOOXOIMMBIE
YCIIOBUS CYyIIECTBOBaHMs (PyHKIHMH 1moje3HocTH Heitmana-MopreHImTepHa BBITIOJHEHBI. 3aMe-
TUM, YTO, B COOTBETCTBUU C ompeaencHrueM Gpynkuuu H.-M., ee MOKHO 3amucaTh B CIEIYIOLIEM
BUJIE

U(p) = E(u(x)),
rJe X — cilyJaifHas BEeIUYMHA, ONpesenseMas JoTepeeil p (IpuHUMaromas 3HaueHus X € X, ¢
BEPOSTHOCTAMH p(x)), E — omeparop MareMaTH4eckoro OXHWJIaHUsA. DTH 00O3HAUCHUE OyaeM
HCIIOJIb30BATh U B AaJIbHEHIIIEM.

Tecmul u 3a0auu 013 CAMOCIOAMETbIO20 DeleHl

1. ITycTh OTHOLICHHWE MPEINOYTCHUS HA MHOXECTBE JIOTEPEH > TPaH3UTHUBHO W BBITIOJHEHO
cBoicTBO (A2). [TokaxkuTe, 9To ecnmu p > ¢, r > s, TOp 4 o.ér > qgeo.¢s (0c[0,1]).



2. [TycTh OTHOIICHUE MPEANOYTCHHUS HA MHOXKECTBE JIOTEpPEH > Hepe(IIEKCHBHO M BBITIOJTHEHO
cBoiicTBo (A2). [Tokaxute, uto ecnu p ~ g, Top e 0. q ~ q (0 [0,1]).

3. IlycTh > — OTHOLIEHHE MPEANOYTEHHUS HAa MHOXECTBE JIOTEPEH M BBINOJHEHBI CBOMCTBA
(A1)-(A3). IlokaxwuTe, 4TO €cu p > r > ¢, TO Halmercs eaguHcTBeHHOE O [0,1], Takoe 4TO
peceqg~r.

4. Ilyctp > — OTHOIIIEHUE MNPEANOYTCHUS HAa MHOKECTBE JIOTEPEW M BBIMIOJIHEHBI CBOMCTBA
(A1)-(A3). ITokaxuTe, 4TO €CIU P ~ ¢, U ¥ — TMPOU3BOJIBHAS JIOTEPES, TO PO OL®F ~ qOOL&F
(ae[0,1]).

5. Tlokaxwute, 4T0 QyHKIUsA moje3HocTn Helitmana-MopreHmTepHa, MpeacTaBisiomas mpei-
MOYTEHUSI HA MHOKECTBE JIOTEPE, CYyLIECTBYET TOT/Ia U TOJILKO TOT/1a, KOT/1a BBHITIOJHEHBI CBOM-
ctBa (A1)-(A3), u ipu 5TOM (PYHKIIMS €IUHCTBEHHA C TOYHOCTBHIO JI0 JTUHEHHOTO MpeoOpa3oBa-
HUSL.
Vkazanwue: [lycte p u ¢ — ABe norepeu, Takue 4to p > ¢. Torma, kak ObUIO TTOKA3aHO BBIIIE,
cymecTByeT QyHKIs noiesnoctd H.-M., onpenenennas Ha "otpeske" {r | p > r > ¢q}. Ilyctp
Tenepb s — robas jorepes. Toraa, Mo OTpULIATEIbHOW TPAH3UTUBHOCTH >, BBHITIOJIHSAETCS OJTHO
13 TPEX COOTHOUIECHU:

pPr-s~q

S=p>4q

pP-qzrs.

[Ipeanonoxxum, uro GyHkmus monesnoctTd H.-M., mpencrapisronias OTHOIIEHUE TPEIITOYTe-
HUS, OTIPENieTieHa Ha OTpEe3Ke {r |p > r > g} U IyCTh § YJIOBJIECTBOPSAET COOTHOILICHHUIO: § > P > ¢
(p = q>s) . Torna cymectByeT (M eTUHCTBEHHO) YUCII0 O () Takoe, 4To

pP=se0eq (g=pefes)
Onpenenum U(.) B TOCIETHUX ABYX CIIy4asiX Ha OCHOBE COOTHOIICHHIA:
Up) =0 Uls ) + (1-o)U(g) (U(g) =B Ulp ) + (1-B)U(s))
JleMoHCTpanus JIMHEHHOCTH ONPEACICHHON TaKUM 00pa3oM (PYHKITUU B 3HAYUTEIHHON CTETICHU
BOCIIPOM3BOAMT ATAlbl JJOKA3aTeIbCTBA TEOPEMbI B 4aCTHOM ciydae, koraa U(.) ompeneneHa
aunib Ha "oTpeske" {r|p >r>q}.

OmHoweHue K pucky

B cooTBeTcTBHM CO CBOMCTBaMU MPEIIOYTCHUN MOXKHO Pa3/ICIUTh SKOHOMUYECKHX areHTOB

Ha CJIeIyIOIIE TPU TPYIIIBI B 3aBUCUMOCTH OT WX OTHOIICHUS K PUCKY:

— pucko(HITBI (TIOJIOKUTEBHO OTHOCSIIHECS K pUCKY): E(u(X)) > u(E(x)),

— puckodoObI (OTpHUIIATETLHO OTHOCAIIHECS K pUCKY): E(u(X)) < u(E(x)),

— HEHTpalbHBIC IO OTHOIICHHIO K pUCKY: E(u(X)) = u(E(X)).

3nech X — mobas "HeTpuBHanbHas" ciydaiiHas BenuuuHa (hOpMallbHO 3TO O3HAYAET, YTO Be-
POSITHOCTH TOTO, YTO OHA HE COBIIAJAET CO CBOMM MaT. O)KHIAaHHEM He paBHA HYIIO).

B nanpHeimem Mbl OyieM paccMaTpuBaTh TOJIBKO MOBeIEeHUE prckodoba. (AHanu3 moBese-
HUS pUCKOWIA U TOTPEOUTEIIS, HEHTPAIILHOTO TI0 OTHOIICHUIO K PUCKY TPEICTABISICTCS YHTa-
TEJII0).

3ameruM, uTo coortHomenue E(u(¥)) > u(E(¥)) (Tak Ha3biBacMOe HEpPaBEHCTBO LeHceHa)
BBITTOJIHEHO TOT/Ia ¥ TOJIBKO TOT/Ia, KOTaa QYHKIHS BOTHYTa. DaKTHUECKHU 3TO M €CTh OIpe/iesie-
Hue Boruytoi gynkmuu. Ctporoe HepaBeHCTBO E(u(X)) < u(E(X)) mns npousBoiabHON "HETpH-



BHAJIBHOW" CITy9alilHON BEJTUYHMHBI X BBITIOJHEHO TOT/Ia ¥ TOJIBKO TOT/A, KOTJaa (PYHKIIUS CTPOTO

BOTHYTA.
[Tpu ananusze moBeneHus puckodobda orpaHUUYUMCS PACCMOTPEHHEM WHBECTHUIIMOHHBIX pe-
[IEHWH, KOT/1a MHOXKECTBO AJIEMEHTapHBIX HCXOJ0B — IOJAMHOXECTBO MHOXKECTBA JIEHCTBU-

TENbHBIX YHCEN; 3JIEMEHTApHBIE MCXO/bI (BBIMTPBILIM MO JOTepesiM) OyaeM HHTepIpeTUPOBATh
KaK JICHEXHbIE.

[Tycth mMeeTcs aBa akTUBA: OC3pPUCKOBBIN, HE MPUHOCIIINNA A0X0Aa (3TO MOTyT OBITh, Ha-
IpUMep, IEHbI'M B CUTYyalluH, KorJa UHQIALUNN HET U OHA HE OKUIAETCS) U OJUH PUCKOBBIN C
HOPMOM JOXOJIHOCTH R u oxugaemoii HOPMOM JOXOJIHOCTH ER.V MOTpeOUTEISI UMEETCs CyMMa
W, U3 KOTOPOW OH CYMMY @ MHBECTUPYET B PHUCKOBBIN aKTHB, & CYMMY W — @ — B 0€3PHCKOBBIH.
JI0oXOHOCTH MOTYYEHHOTO TTOPTQENS — CIIydaiiHasi BETHIUHA

w=w-a+(+R)a=w+aR.
OxwunaeMasi HOJIE3HOCTh TaKOro noprdens paBHa

U(a) = E(u(w + aR)) :Zpiui(w + aky).

Mgl npenmnonaraem, 4To (UHAHCOBBIM PHIHOK COBEPIICHEH, T.€. JOXOJHOCTh aKTUBOB HE 3a-
BUCHUT OT TMOBEJICHUSI PAaCCMaTPUBAEMOI0 YIKOHOMUYECKOT0 areHTa, ¥ YTO MOKHO MOKYIaTh akK-
THUBBI B JIIOOBIX KOJMYECTBaxX 0€3 ydera OOHKETHOTO OTpaHUYEHHUsS («OTKPBITAs» MO3UIIMS IO
PUCKOBBIM aKTHBaM ).

IToBeneHne MHBECTOPA OMUCHIBAETCS CIECAYIONIECH 3aauei:

U(a) — max
az=0.

Kpome Toro, mpenmonaraercs, 4To ONTUMAaIbHBIN MOPTHETs CYyIIeCTBYeT, To ecTh U(a) He
MOET OBITh MOHOTOHHO BO3pacTaromeil. O003HaYMM pemieHne 3aaaau a(w).

A A
Ula) U(a)
a. a
1) OnTumaneHeIi opTdens He 2) Oi 0ei aclii 0 é 11000 &éi
CYILECTBYET CYILIECTBYET

Pemenne pacnafaercs Ha aBa caydas: ER <0 u ER>0.
Haiinem npoussoanyto U(a) B Touke a=0:
U’(a) = E'(w+ aR)R)

Bropast npousBoanas U”(a) = E(u”(w + aﬁ)ﬁ2)<0, TaK KaK Mbl 3HAEM, YTO BTOpPAsi MPOM3-
BOJIHAS (DYHKIIMH ITOJIE3HOCTH prucKodoOa oTpulaTenbHa B 10001 ToUKe.

Ecmu a= 0 — pemienne, 10 10/kHO ObITh BBIOHEHO U(0) < 0. TToCKONIBbKY MPOU3BOIHAS B
nyne pasHa U’(0) = EW’(W)R) =’ (W)E R, n u’(w)>0, To ER <0.

C npyroii croponsl, ecmt ER<0, To U’(0)< 0. Tak kak U”(a)<0, 1o U’(a)<0 Va >0 n
U(a)<U(0) Va >0. CnenoBatenbHo, a = ) — pemieHue.

Takum obpazom, a(w)=0 < ER<O.



Ecom ER>0, To pemenne (B
MPENIOJIOKEHUH, YTO OHO CYILIECT-
BYET) JTIOJDKHO OBITH BO BHYTPECHHEH
touke (a>0). Tak kak MbI paccMmar-
puBaeMm puckodoba, To HEOOXOaHU-
MO€ U JIOCTaTOYHOE YCJIOBHE OMNTH-
MaJbHOCTU NOPTQEst UMEeT BUJ

. E(w’(w + aR)R)=0.
> Jl1st onTUManbHBIX opThenei
Ew(w + aWw)R)R

OnruMaibHBIA
noptdens B
Touke a=0

)=0.
B 3aBHCUMOCTH OT TOTO, KaK MEHSETCS WHBECTHIIMOHHOE IIOBEICHUE INPH H3MCHEHUHU
UMEIOIINECS JIIS1 MHBECTUIUI CPEICTB C Wi JI0 W), MOKHO TIPOPAHKUPOBATh TIOBEIACHUE PHCKO-
($h00O0B MO WX CTENICHU HEMPUATHS PUCKA.

Paccmotpum notepero, B KOTOPOM y4aCTHUK IMOJIydaeT (JOMOJHUTEIBHO K W) BBIMTPBIII X| C
BeposATHOCTHIO p (T1e pe(0,1)), 1 x; ¢ BeposTHOCTBIO 1—p. O003HAYUM COOTBETCTBYIOIIYIO CITY-
YaifHyI0 BEIMYMHY Yepe3 X. FIMeeT cMBICT MPHUHATH yJacTHE B JIOTEPEE JIUIIb B TOM CIIydae, ec-
M

Eww+x)=>Eu(w).
T.€.
pu(w+x)+(1=-p)u(w+x)= u(w).
0O0603HaYUM MHOXKECTBO BCEX TaKUX JIOTEPEH uepe3
Aw) = { (0, x2) [pu(w+x) + (1=p)u(w+x2) > u(w);j.

Hapucyem Ha mimockocTu (x;, x2) MHOXeCTBO A(w). [TorpebuTens OyaeT yuacTBOBaTh BO BCEX
JOoTepesx, PaclojoKEeHHBIX B | KBajpaHTe, 1 TOYHO HE OyneT ydacTBOoBaTh B jotepesx B III
kBaapante, a BOT B Il u IV npuemnemsr nums yactnaHo. Ecnu snemenTapHas GyHKIUS TOJIE3-
HOCTH  (.) BOTHYTa, TO MHOeCTBO A(W) BbIyKI10. (Jlokaxxure 3T0.)

A X2

A(w)

X1

»
»

XQ(X1)

st 10601 moTepen, Jekaleld Ha TPaHUIIe STOTO MHOYKECTBA, BBITIOTHSICTCS
pu(w +x1) + (1=p)u(w +x2) = u(w) (1)
DTO ypaBHEHHUE 3aJ1ae€T 3aBUCUMOCTh X = X7 (x1). IloacraBum 310 B (1) u npoauddepenim-
pyem 1o x; B Touke 0. Mconb3ys, ToT dakt, 4to x; (0) = 0 moaydum

pu'(w) + (1=p)u'(w)x>(0) =0,
DTO ypaBHEHHE OMHUCHIBACT KacaTenbHYIO K A(w) B Touke (0,0). DTa KacaTenpbHas UMEET Ha-

P

KJIOH — 1—p ITOCKOJIBKY BBIITYKIIOE MHOKECTBO JIEKUT BBILIE CBOEH KacaTelIbHOM, TO TOYKH

JeKaIue HUXE ITON KacaTenbHOW He mpuHamiexar A(w). Takum oOpasom, ecnu x, Oyner



MEHBIIIE, YEM — Ll—p X1, TO YIaCTHHK 3aBEIOMO HE IPUMET YJacTHsl B TaKOil loTepen (kakoBa Obl

HU ObLJIa BEPOSITHOCTH p).

Paccmotpum nByx puckodo6oB. I1ycTh mepBhIif W3 HUX NMPUHUMAET JIOTEPEH, MPUHAJJICKA-
mpe MHOXKecTBY A' (W), a Bropoit — A*(w). Ecu A%(w) < A'(w) (ctporoe BKiIIOUEHHE), TO ecTe-
CTBEHHO CUWTAaTh, YTO U3 ATHX JBYX pUCKO(OOOB BTOPON XapakTepuszyeTcs: OOJbIIUM HENpu-
STHUEM PUCKA, YEM TIEPBBIN.

A X2

A 1(W)
AQ(W)

X1

\4

Ecin Hu ofHO U3 BIroueHuit A°(w) € A'(w) u A'(w) € 4*(w) He BBIIIONHEHO, TO MBI HE MO-
’KeM TIPOPaH)XKUPOBATh PACCMAaTPUBAEMBIX YUACTHUKOB, HCIIOJIB3YsI TAHHOE MPABHIIO.
[Mponuddepenmupyem Boipakenue (1) mo x; apaxkasl B Touke 0. [Tomydaem

pu(w)+ (1= p) [w”(w) (2(0))* + /(W) x"2(0)] = 0

[Moacrasus x5 (0) = —ﬁ , mosyauM x”5 (0) = — L;,(l:}v) (1-p)*:

MBI YO IIIIICh, YTO YPaBHEHHs TPAHUL MHOXeCTB A'(w) 1 A*(W) 110 epBBIM IPOH3BOLHBIM
BCEr/Ia COBMAJAIOT, a M0 BTOPBIM MOTYT pasnuyathes. Eciau x™; (0) y mepBoro MeHsliie, 4eM y
BTOpPOTO, TO B okpectHOcTH ToukH (0,0) A%(w) comepxurcst B A'(w). (IIoHATHO, 4TO TIIOGATBHO

144
u”(w)

3TO MOYXET HE BBINOJIHATHCA). [loaTOMY BEenuuuny — i (w)

MOKHO pacCMaTpuBaTh KaK JIOKAJIb-

HYIO MepY HeNpUATHUS PHUCKa.

Onpenenenue 5.

Mepon OTHOLLEHUNS K pUCKY Dppoy-l1paTTa naseisaercs Benmunna

B u”[W}

r(w)=— (W)’
B tepmunax mepsl Oppoy-Ilparra u3 1ByX ydyaCTHUKOB MOYKHO CUMTaTh, UTO TOT YYaCTHHUK

XapakTepusyercsi OOJBIINM HEMPUATHEM PHCKa, Y KOToporo mepa Dppoy-IIparra Bcerna 60ib-

oIe.

YrBepxaenue 7.
Ecnu y 1ByX y4acTHHUKOB MEpBI HEIPUATHSA PUCKA #'(.) 1 #*(.) TakoOBBI, 4TO VW BBIIIOIHEHO
r(w)<rA(w), 10 Vw BommonseHo A%(w) < A'(w).

Hokazamenbcmeo:

I[OKaBaTeJIBCTBO OCTaBJIACTCA B KQYCCTBC YIIPAKHCHUS.
]




Ilycth € — HekoTOpas "HeTpuBHAIBHAS" CllydailHas BEJIMYMHA C HYJIEBBIM MaT. OKHAJAHUEM
(E(¢) =0), Torma, kak y:xe rOBOPHIIOCH BBIIIE, sl puckodoba BeimoaHeHo Eu (w+¢€) < Eu (w).
[Tnarty 3a puck m,(w,€) MOKHO OIpPENETUTh KaKk MAKCUMAJIbHYIO TOTEPIO B JOXO/€, HA KOTOPYIO
COTJIaCeH JaHHBIN YYaCTHHUK, YTOOBI N30€XKaTh pUCKa (HE y4acTBOBATh B TaKoH jorepee). UToOb
HE 3arPOMOX/IATh 3alKCh, OyJEeM OMYCKaTh apryMEHT W U3 3allCH BETUYHMHBI IJIaThI 32 PUCK.

Onpenenenue 6.
[naTa 3a pUCK n,(€) onpenensercsa U3 COOTHOIIEHHUS
Eu(w +€&)=u(w —m,(€)).

s moboro puckogpoOa miaTa 3a pUCK — BEJIUYMHA HEOTpHUIATeNbHasA. EcTeCTBEHHO cUM-
TaTh, YTO B TEPMUHAX IUIATHI 32 PUCK U3 JIBYX YUYACTHMKOB TOT XapaKTepU3yeTcs OOJIBIIMM He-
NpPUATHEM PHCKa, y KOTOPOTO IIJIaTa 3a PUCK Bcerja OobIie.

MOXHO MPEIOKUTH €IlIe OJWH CHoCcOo0 paHKUpOBaHHs PUCKOPOOOB MO UX OTHOLICHUIO K
pHuCcKy — "CTeneHb BOTHYTOCTH" 3JeMeHTapHOW (hyHKIMEH MOoae3HOCTH. MOXKHO CUHUTATh, YTO
u(x) “Oomee BorHyra”, yeM V(x), €CIM CYLIECTBYET CTPOTO BOTHYTas CTPOrO BO3pacTarouias
byukmus G takas, uyto u (x) = G(v(x)), TorAa Y4aCTHUK C SIEeMEHTApHOU (PYHKIIMEW MOJIe3HOCTH
u (x) XxapakTepu3yeTcst OOJBIINM HETIPUATHEM PUCKA.

Oxa3zbIBaeTcs, YTO BCE MPEUIOKEHHBIE CIIOCOOBI PaH)KUPOBAHMSI SKBUBAJICHTHBI, O Y€M CBH-
JIeTEIbCTBYET CIIEAYIOIIEE YTBEPKICHHE.

YrBep:xknenue 8. (Teopema IlpaTTa).

[Tycts nBa puckopoba XapakTepH3yIOTCS CTPOTO BO3PACTAIOUIMMHU JIEMEHTAPHBIMU (YHK-
UMM MOJIE3HOCTH U (X) 1 v(x). Toraa cieayroume Tpu yCJIOBUS SKBUBAJIICHTHBI:

ry(w)>r,(w) Vw, rne r,(w), r(w) — Mepsl OTHOIIEHUS K pucky Dppoy-IIparta.

CymiecTByeT CTpOro BOrHyTasi cTporo Bo3pactaromas yHkius G takas, uto u (x) = G(v(x)).

JIns Bcex CiydaiHbIX NEpEeMEHHBIX €, ¢ HYJIEeBbIM Mar. oxunanueMm (Ee = 0) u HeHyneBoi

qucrnepcueit (ES2 # 0) BBIOJIHEHO TT,(€) > TT,(€).

u(x)

v

xl w xll

[1naTa 3a puck m,(€,0)
Hoxazamenvcmeo:
1 = 2. Onpenenum G amst M000TO X TPUHAJISKAIIETO 00JIACTH 3HAYCHUN (DYHKITUHU V ClIie-
JYIOIITUM 00pa3oM:
G(x) = u(v (x)).
(ITockonbKy v CTPOTO MOHOTOHHA, TO OHA OOpaTUMA.)
MsI Tak onpenenwiu ¢pynkuuio G(.), 4To
u(w)=G(v(w)),V w (2)
[Mponuddepenunpyem nocaenHee COOTHOUICHUE:




u'(w) = G'(v(w)) v'(w). 3)
Tak xak vV'(w) > 0 u u’(w) > 0, To G'(v(w))>0, 3HauuT G CTPOr0O MOHOTOHHO BO3pPACTaET.
[Tponuddepenupyem ermie pas:
u”’(w) = G"(W(w)) vV'(w) G (W) V" (w). “4)
[Tonenus (4) Ha (3) , mOTy4IrM
G”(v(w))
G'(V(w))

G,’
R0 P09 = GO0,

—r(w)=—r,(w) + v'(w), TO ecTh

Ho r,(w) — r,(w)<0, v'(w)>0, G'(v(w))>0, canenoBarenasro, G”'(v(w)) <0, TO ecTh QYHKIUSA
G cTpOoro BOrHyTA.

2 = 3. HanomHuM ormpeneneHre BOTHYTOCTH (YHKIMH: (GYHKIUS f(X) BOTHYTa, €CIU IS
aro6oro Habopa uncen o; >0, 2,0 = 1 BepHo cootHomenue: f(20ux;) = 204 f(x;). st ctporo
BOTHYTOM ()yHKIIMH IJIst TF000r0 Hadopa umcen o, > 0, X0, = 1, TaKKuX 4TO 10 KpaifHeil Mepe 1Ba
U3 HUX HE PaBHBI HYJIIO, BEPHO COOTHOIIEHHE: f(204x;) > 20 f(x)).

[Tycts dyHKIMM u(x), V(X) TakoBbL, 4TO U (x)= G(v(x)). Toraa nis ciyyailHOW BETMYUHBI € :

uw-m(e)=Eu(w+e)=EGHr(w+eg))<
G(Ev(w+g)) =G(W(w—T,(€)) = u(w —T,(€)).

31ech MbI HCIIOIB30BANIH HEPABEHCTBO MeHceHa B cTporoit hopme.

Takum oOpazom, u (w —m,(€)) < u(w —m,(€)), a Tak KaK u#(x) MOHOTOHHO BO3pPAacTaeT, TO U3
ATOr0 COOTHOIIEHUS CIEAYET, UTO W—T,(€) <w —T,(€), TO ecThb T,(€) > T,(€).

3 = 1. Ilyctb € — ciyvaiiHas BeMYHMHA C HYJIEBBIM MaT. oxxunanueM (E€ = 0). Paccmorpum
CEMEICTBO CITydallHbIX BEJIMYUH /€ U OIPEIEIUM T(f) U3 COOTHOIICHHUS:

uw-mn(t))=Eu(w+te) (5)

[ToxaxkeM, 4TO JJIsl TOCTATOYHO MAJIBIX ¢ TO(f) TIpomopImoHaibHa Mepe Dppoy-IIpaTTa, uyTo n
JIOKQKET COOTBETCTBYIOIIEE YTBEPIKICHHE.

[Ipeanonoxum, 9to GyHKIUS T(f) — ABakabl HenpepbiBHO auddepennupyema. CripaBe-
JIMBO COOTHOIIICHHE

(¢) = m(0) + ¢ ' (0) + 2%# (0) + o(#).

[TokakeM, 4TO mMepBbIE JBa ClIaraéMbIX B MPaBOM YacTU paBHbl HYI0. OYEBUAHO, YTO
1(0)=0. IBaxxnpl npoauddepennupyem (5) mo ¢
—u'(w-m@) W (t)=Eu'(w+re)e, (6)
—u'(w =) 7'(f) + u”(w —7(f)) (W) =Eu’(w+te)e’. (7
ITIpu =0 u3 (6) umeem:
—u'w)W(0)=Ev'(w)e=u'(w)Ee=0.
[Tockonbky u'(W) HEe MOXKET OBITh paBHOW HYJIO (HAIIOMHHM, YTO MBI IPEANOIAaraeéM MOHO-
TOHHOCTD u(.)), T0o T'(0)=0.
N3 (7) npu t =0 monmyqaem:
—u'(w) W’(0) = u”(w) Ee? = u”(w) 67,
otkyaa ”(0) = r(w) 6.
[ToncTraBuM noydeHHbIE PE3yabTaThl B pAn Teiopa

2 2
1(0) = ru) 5+ o). ®)

[TycTh ISt KAKUX-TO U, V BBITONHSAETCS T, (€) > 1,(€) VE, Toraa mpu JOCTaTOYHO MAJIOM ¢ T0,(1)
>n(f), uuz (8) umeem r,> r,.
|



Beenennas mepa Oppoy-Ilparra Ha3siBaeTcst abcomoTHON Mepoit Dppoy-IIparra. Kpome To-
ro, paccmarpuBaror OTHOCUTESIbHYIO MEPY Sppoy-ﬂ paTTa, xoropad onpenensercs mo
dbopmyre:

u’(w)w
Cou'(w)

OtHocurenbHass Mepa Opppoy-Ilparra sBiasSeTCS AMaCTUYHOCTBIO NMPEAEIBHON MOJIE3HOCTH
(mo moxomy).

Mepsr Opppoy-IlpaTTa SBAAIOTCS MOJE3HBIMUM MHCTPYMEHTAMHU aHalIM3a IOBEACHUSA HHBE-
CTOpa B YCJOBHSIX PUCKA, T.K. B UX TEPMHMHAX IOJIy4alOTCS OTBETHI HAa CTAHAAPTHBIE BOIIPOCHI
CPaBHUTENBHOW CTaTUKH: KaK M3MEHSETCS CTPYKTYpa MHBECTHLIMOHHOTO MOPTQENs mpu nu3Me-
HEHMM pa3Mepa MHBECTHUIIMH, JOXOJHOCTEH aKTHBOB M T.J. A K NpoOiieMaM CpaBHHUTEIbHOMN
CTaTHKHU CBOJSATCS MHOTHE NMpOoOJIeMbl MPUKIAJHOW SKOHOMUKH: XapaKTep CIpoca Ha JIEHbIU B
nopTdensHoi Teopur GOPMHUPOBAHUSA CIPOCA HA CHBIU, BIUSHUE HAIOTOO0JIOKEHUS U T.JI.

B tepmunax (aGcomoTHO#) Mepsl Dppoy-IIparTta MOXKHO oXapakTepu30BaTh CIPOC Ha PHC-
KOBBIA aKTHB KakK ()YHKLHMIO BEIMYMHBI MHBECTUIUI B paccMaTpUBaeMblil MOPTQens U3 IBYX
akTHBOB. MBI mpenonaraem, uro E R >0, T.e. uto pemrenue BHyTpeHHEe (a (w)>0).

YT1Bepaxnenue 9.
Ecnu mepa Dppoy-IlpatTa r (w) yObIBaeT, TO pUCKOBBIM aKTHB SIBIISICTCSI HOPMaJIbHBIM OJa-
TOM, T.€.
F(w)<0 = a'(w)>0.
(AHAJIOrMYHO MOXKHO IOKaszaTh, 4ro ecid »'(w)>0, 1o a’'(w)<0, u ecmu »(w)=0, 1O
a’(w)=0.)

ﬂo:cas'ameﬂbcmeo:
[TycTs r(w) yObIBaer.
YciioBre oNTUMANbHOCTH TOPTQENT UMEET BH]
E (' (w+ a(w)R)R)=0.
[Tponuddepenunpyem ero mo o:
E@’(w+aw)R)R (1 +a’(w)R))=0.
Ilo cBoiicTBaM omeparopa mMatT. OXKUIAAHUSA
E @’ (w+aw)R)R) =—d’(W)E W’ (w+ aw) R R),

OTKyza
E (u”’(w + a(w)R) R)
CE@W’(w+aw) R R
ﬂCHO, YTO 3HAMCHATCJIb 31€Ch MCHBIIIC HYJI, TaK KakK B CI/IJIy BOFHYTOCTI/I (byHKL[I/II/I ITIOJIC3HO-

a’(w)=

cta u”(w+ a(w) R) <0 . TTokaxeM, UTO YHCIUTEND GOJIBIIE HYIIS.

PaccMOTpUM CITydaiiHyIo BEIMUYUHY R: OHAa HMeeT M MOJIOKUTENbHBIE, H OTpHIATeNbHbIE pea-
musanun. Paccmotpum cinydait R = R > 0. Torma B cuity y6siBanus ¢yskmun 7(.) r(w +
a(w)R) <r(w). Ilo onpenenenuro meprl Dppoy-Ilparra

u”’(w +a(w)R
Tu'(w + a((w))R)) <rw)

YMHOXKUB IIOCJIEIHEE HEPABEHCTBO HA 3HAMEHATENb U Ha R, Iomy4aem:

u’'(w+a(w)R)R>—r(w)u'(w+ a(w)R)R.

Jlerko BuzeTh, uTo IpH R = R <0 7TO HEPABEHCTBO TOXKE BEPHO. BO3bMEM Mart. 0)KHIaHHE OT
00enx JacTei:

E@”’(w+aW)R)R)>—r(w)E W' (w + a(w)R)R).
Tak kak u3 ycinoBus onTuMansHocTH E (u'(w + a(w) R)R)=0, To uMeeM

r(w+aw)R)=




E W’ (w + a(w)R)R)>0.
Wrak, mokasano, yto eciu ' (w)<0, To a’(w)> 0, IpyruMu CIIOBaMH, PUCKOBBIH aKTHB SIBJISI-

€TCs HOPMAJIbHBIM OJ1arom.
|

OTMeTI/IM, OJHAaKO, 4YTO 3TO CBOMCTBO HE BBIIOJIHSIECTCS IJig ciiydas € ABYyMSA U Ooiee PHUCKO-
BbIMHU aKTHBaMH.

[TycTb O — 107151 ”HBECTULIUI B i-if PUCKOBBIM aKTUB, Oy — JOJsI HHBECTULIUH B O€3pUCKO-
BbIil AKTHB-. [Tyctp 1~3l- — JIOXOJHOCTh PUCKOBOTO aKTHBA, Ry — INOXOIHOCTh OE€3PUCKOBOTO aK-
THUBA.

JoxoaHocTs mopTdenst, B KOTOPI WHBECTHPYETCS JEHEKHAs CymMMa w, — 3TO Clly4daifHas
BEJIMYMHA, KOTOPasi MOXKET OBITh BHIYMCIICHA CIEAYIOIUM 00pa3oM:

W= (0Ro+ 2_0, R)) w,

Ecnu npennouTeHns HHBECTOpa Ha COOTBETCTBYIOIIUX JIOTEPESAX MPEACTABIAIOTCA (QyHKIUEH
MIOJIE3HOCTH #(.) U MHBECTOP MOXKET B3SITh B3aiiMbl 1OJ] MPOLEHT Ro—1 B HEOrpaHWYEHHBIX pa3-
Mepax, 3aJaua BbIOOpa ONTUMAIBHOTO MOpTdes OyneT UMeTh BHL:

E u(ooRo +>_ 0y R;) w) — max
oo t ZOC;‘ =1
o =0
Hcknrouus 0, mpeodpazyeM 3agady HHBECTOPA K BUAY
E u(Ro +2_0u(R; — Ro) w) — max o0
VYcnoBue onTUMaIbHOCTH IIEPBOIO MOPSAKA ITOU 3a0a4n
E u'(W)(R; — Ro) =0,

ao, Q;

WIn

E ' (W)R;= Ry E v’ (W) Vi.
B cuity cBoiicTB (hyHKIMH %(.), OHO SIBISICTCS IOCTATOYHBIM YCIIOBUEM ONTUMAIBHOCTH TOpT(e-
JISL.

[To ompemeieHUIO KOBapUAIlMK JIUISL IBYX CiIy4aifHbiX BenwuwH & u 1 BbimosiHeno E(En) =
cov(En) + E()E(M). C yuerom 5TOro cOOTHOIIEHHS YCIOBUSA ONTHMAIbHOCTH MOYKEM 3allM-
caTh B BHJC
cov(u’(W), R))

Eu'(w)

[TomyyeHHOE COOTHOUICHUE O3HAYAET, YTO BKIIOYCHUE AKTUBA B ONTUMAIBHBIA MOPTQEIH
OTIpeNIeNsIeTCs. HE TOJIBKO €ro JOXOAHOCTHIO, HO U BETUYNHON €r0 KOPPEISAIHUH C JOXOAHOCTHIO
BCero moprgens.

Tak, HampuMmep, y CTPaxOBBIX MOJUCOB OXKUAAaeMasl JOXOIHOCTh, KaK MPaBHIO, MECHbBIIE HY-
JI5, HO OHU BKJIFOYAIOTCS B MOPTdenb puckodoba, Tak Kak UX JTOXOIHOCTh OTPHULATEILHO KOP-
PETUPYET C 0KUAAEMBIM JOXOOM.

ERi:Ro—

Tecmbl u 3a0auu 013 CAMOCMOAMEAbHO20 PEULCHUS

1. TTokaxwure, uto ecinu abcoroTHas Mepa Jppoy-IIparra HenpusiTus pricka yosiBaet, To u”’<0.
[Mokaxkute, 9T0 0OPaTHOE HEBEPHO.

? TIoHsITHO, 4TO B I0GOH MOPTdEIb PACCMATPHBAEMOTO THITA OYIET BKIIOUYCH JIHIIb ONMH OC3PHCKOBBINA AKTHB
(aKTUB ¢ MaKCHMaJIbHO# JOXOAHOCTBIO). [109TOMY MpEaroNoKEeHHEe O SJMHCTBEHHOCTH OE3PUCKOBOIO aKTHBbI HE
OTpaHUYUBAET OOIIHOCTH.



2. [TpuBeauTe MpUMEpPHI JIEMEHTApHON (PYHKITMH MOJIE3HOCTH C BO3pacTarolieH, yObIBatomen 1u
MOCTOSTHHOM a0COFOTHOM M OTHOCUTEIBHON Mepoi Dppoy-IIparra.

3. [TokaxxuTe, 4TO MPHU YBETUUCHUU 00hEMa MHBECTUIINN OIS MHBECTUIIMHA B PHUCKOBBIN aKTUB
(B cyMMe WHBECTHIIMI B ONTHUMAJbHBIA MOPT(]Esb) MOCTOSIHHA (BO3pacTaeT, yObIBACT), €CIIH
OTHOcHTEeNbHas Mepa Dppoy-IIparra yObiBaeT (Bo3pacTaeT, MOCTOSIHHA).

4. ITokaxxuTe, 9TO B IEPBOM MPUOIMKEHUH MIPEMHUS 32 PUCK PaBHA
rw)o?/2,
e r(.) — abcomoTHas Mepa Dppoy-IIpaTTa, a 6> — UCIIEPCHS TOTEPEH.

5. IlycTh Ha pBIHKE JTOCTYITHBI JIUIIH JIBa aKTHBA — PUCKOBBIA M 0e3prCcKOBBIA. Kak n3mensercs
BEJIMYMHA BJIOKEHUN B PUCKOBBIA aKTHB MPH POCTE CyMMbl MHBECTUIIUH, €CIIU MPEATIOYTCHUS
WHBECTOpa MpeAcTaBIsOTCs QyHKmueir noge3Hoctn H.-M. ¢ anemeHTapHON (QyHKITUEH TOJIE3-
HOCTH U(®)?

Pemmmts 3amauy npu

Caw 1
(a) u(w) =lw; (b) u(w) =—¢ (c) u(w)=—7";
(d) u(w) = Inw; ) uw)=aw—-bw? 63} u(w)Za\/v_v+bw.

6. PaccMoTpumMm cienyroinyto urpy: Eciam urpok Ha3zpIBaeT YUCIO X, TO MOJIy4aeT w + X C BEpOsIT-
HOCTBIO 1/3 U w — x ¢ BeposiTHOCTBIO 2/3. Kakoe unciio HazoBeT puckodo0, mpearnoyTeHus: Ko-
TOPOTO OMHUCHIBAIOTCS GyHKITMEH osie3HocTH H.-M. ¢ anemenTapHoi QpyHKIMEH MOIE3HOCTH:

Caw 1
(a) u(w) =\w; (b) u(w)=—¢ (c) u(w)=—7";
(d) u(w) =Inw; ) uw)=aw—-bw? 63} u(w)Za\/v_v+bw.

7. HekTo, 4bM MpEANOYTeHHS Ha JIOTEPEsIX ONMUChIBatoTCs pyHkmueit monaesnoctu H.-M. ¢ ane-

MEHTapHOW (YHKIIMEH IMOJE3HOCTH u(w) = \/v_v, pacrojaraeT cymMMoil neHer ® pyoOieit. Emy
MpeaiaraloT TprUoOPECTH JIOTEPEHHBIN OUJIET, BRIMTPBIBAIOIINI X pyOseii ¢ BEpOATHOCTHIO 1/2.
[Tycth p — MakcuMasbHas 11eHa, KOTOPYIO OH TOTOB YIIJIATUTh 32 JIOTEPEUHBIN OWIIET.
(1) Yemy paBHa p ipu w =9 1 x = 16?
(2) IokaxwuTe, 4TO p

pacTeT MpH yBEJIMYCHUH BETMYMHBI BRIMTPHIIIA X.

pacTeT MpH yBEJIUYEHUH CYMMBI JCHET W.

HE MOXXET MPEBBIIIATh BETUIHHY X/4 pyOmei.

8. Ilycts puckod00, mpearnoYTeHus: KOTOPOTO ONMMUCHIBAIOTCS (yHKITMEH mojie3HocTH Helimana-
MopreHmTepHa ¢ dIeMeHTapHOU (PYHKITUEH MOJIE3HOCTH u(w) = \/v_v, BIIQZICET CYMMOM JCHET W
pyOeit u JoTepeiiHbIM OMIIETOM, BBIMTPHIBAIOIINM X pyOJel ¢ BepositTHOCThIO 1/2. Tlokaxkure,
YTO TP YMEHBIIEHUH X II€HA, 32 KOTOPYIO OH TOTOB MPOJATh 3TOT JIOTEPEHHBIA OWIIET, CTpe-
MUTBCS K BEJTUIMHE OXKUAEMOTO (JIUTs JTAaHHOTO PUCKO(00a) BRIUTPHIIIA TI0 3TOMY OUIIETY.

9. IlycTs B cuTyaluu ¢ ABYMsI aKTHBAaMU, PACCMOTPEHHOM BbIle, O(R)) — ONTUMAaIbHAs 10JIA
BJIO’KEHUH B PUCKOBBIN aKTUB KakK (PYHKILIHS TOXOAHOCTH O€3pHCKOBOro akTHBa. [lokaxkute, 4TO
eciu abcomoTHas Mepa Dppoy-Ilparra pacret (#'(.) > 0) u peuienue BuytpeHnee (0 < oRy) <



da(Ro)

do 0
1), To dR, >0, T.e. YMCHBIIICHHE JOXOTHOCTH OE3pUCKOBOI0 aKTUBA MPUBOAUT K YBEJINUCHUIO

JIOJTU BJIOKEHUW B PUCKOBBIA AKTHUB.
Ykazanue:
[Toxaxxute, mpoaudpepeHIpoBaB YCIOBHE MEPBOTO MOPSIKA, YTO

do(Ry) _ E /(%)) = w(1-0(R))E (' (W)(R= Ro))
drRy wE (u”(W)(R- Ro)")
Otciofa cienyer TpeOyeMslil pe3yiasTat, mockonbky E (u”(®)(R— Ro)) < 0 (BCleacTBHE TOrO,
gro #'(.) > 0).

10. IIpeanonoxum, 9To (B MUpPE C ABYMSI COCTOSIHUSIMH) UMEETCS OJUH PUCKOBBIN (C HOPMOM
JOXOHOCTH R) M OMH He MPUHOCAIIHI T0X0a Oe3pHCKOBbIi akTuB. OXapaKTepH3yiTe B Tep-
MHHaX OTHOCHUTEIIBHOW M aOCOTIOTHON MEphl HeMpUTHS prcka Dppoy-IlpaTTa (3macTHYHOCTH
1o 6OraTcTBy CIpOCa Ha PUCKOBBIN aKTHB) MPEICTAaBICHHbIE HA PUCYHKE BO3MOXHBIE CTPYKTY-
PBI ONITUMAITBHBIX TIOPTQENeH Mpu pasHbIX ypoBHAX OorarcTsa. Jlunus PP’ npeacrasiser coBo-
KYIMHOCTDH (pakTHUYeCKuX mopTderneii (pU pa3HbIX YPOBHAX WHBECTUIUHN B opTdens), SS” (TT)
— COBOKYITHOCTh MOpTdeei mpu yCIOBUH, YTO TOPTQenn coaepkaT JIMIIb OE3pHUCKOBBIC
(puckoBbie) akTuBbl. Jluaun ST (S'T’) mpeacTaBasiOT COBOKYITHOCTD JOMYCTUMBIX TOPTdeei
IIpU JTaHHOM YPOBHE MHBECTHUIIMA.

3

Jloxon moptdenst
BO 2-M COCTOSIHUU
Mupa

SI

= N

. 7
(a) A1d01411000a€ya 1-1 AiNolyi ee i €oda

N

Hoxon noprdens
BO 2-M COCTOSHUH
MHpa

S/

= N

o 7
(B) Aldidaiioooagyal-1 mMnoiyiecieda

N

Jloxonx moptdenst
BO 2-M COCTOSIHHUU
Mupa

S/

-
-

. 7
(6) Aidiaiioo0aéyal-i ninolyieeicoa

3

N

Joxon nmoprdens
BO 2-M COCTOSIHUH
MHupa

T/

N

. 7
(r) A1diaiido0aéya 1-1 ninoiyieeieda

11. Kak u3MeHUTBHCSA CTPYKTypa ONTHUMaIbHOTO MopTdens mHBecTopa—puckodoba, ecnu emy
JOCTYITHBI HE MPUHOCSIIUHN J0X0a OC3pUCKOBBIN aKTUB W PUCKOBBIN aKTUB U HOpPMa JTIOXOJIHO-
CTH PHCKOBOTO aKTHBa U3MEHSETCS CIIEAYIOIIUM 00pa3oM:

(@) R, = (1 - )R, he[0,1];

(6) Ry =R+ h(R—R)= (1 + h)R — hR, rne R = ER, he[0,1]



[IpouHTepnpeTUPYITE MOTYYEHHBIE PE3YIIbTATHI.

[TpoummocTpupyiite aHamu3 Al MPOCTOTO CiIydas, KOTJa €CTh BCErO JIBa COCTOSIHUS MPHUPO-
IIbl, Ha Tuarpamme (B cucTeMe KOOpJIUHAT «OoraTcTBO B MEPBOM COCTOSIHHI — «OOTaTCTBO BO
BTOPOM COCTOSTHHHY)".

12. lokaxxuTe, 94TO B CUTYyalluH, KOTJa HHBECTOPY JOCTYITHBI MPUHOCAIIUN T0X0] 0€3pUCKO-
BBIW ¥ PUCKOBBIA aKTHBBI, HAJIOT Ha BAJIOBOU J0XO (OT MOPT(HETbHBIX HWHBECTUIINN) YBEIUYH-
BaeT (YMEHBILAET, OCTABJIAET MOCTOSHHBIM) YACTHBIA PHUCK, €CIHM 3IACTUYHOCTH MO JOXOAY
CIIpoca Ha PHUCKOBBIN aKTHB IMOJOKUTEIbHA (OTpHUIATEbHA, TOCTOSTHHA). [IponmtrocTpupyiite
ero rpadudecKu s ciiydasi ABYX COCTOSSHUN MPHUPOJIBI.

Vkazanue: Ilycts 4 — cTaBka Hajora, a G,, — YaCTHBIA pUCK MOPTQens, U3MepsaeMblil cpe-
HEKBaJ[PaTUYHBIM OTKJIOHEHUEM BaJIOBOM TOXOAHOCTH mopTdens. Toraa

6w = (1 —h)oew or.
Huddepermupys 3To COOTHOLIEHUE, TTOTYIUM
%=—OLWGR+(1 —h)wcsR?l—Z.

do

I[JIH BCINYHHBI @ MOKHO IIOJTYYUTHh COOTHOIICHUC

do__oRy_E ' (W)(R-R))

dh ~ (1-h) E (" (W)(R= Ro)®)

doy E ()R- Ry))
dh " ORTVE ()R- Ro))

Jlureparypa: A.A.AtkuncoH, [Jx. Cturnun. Jlekuuu no S3KOHOMHUYECKOW TEOPUH TOCYAapCT-
BeHHOTO cekTopa. — M.: Acnekt-IIpecc, 1995.

o —bw
13. TlokaxuTe, 4TO IJIsl DJIIEMEHTApHON (PYHKIIUU TIOJIE3HOCTH (W) = — € , TAe b — TOJIOKU-
TEIbHOE YHCII0, CIIPOC HA PUCKOBBII aKTUB 3aBUCUT TOJIKO OT €T0 JOXOAHOCTH U HE 3aBUCHUT OT
YpOBHs OoraTcTBa w.

14. TToxaxkuTe, 4TO ISl SJIEMEHTAPHOUN (YHKITUU TTOJIE3HOCTH
u(w) =w'¥/(1-¢), £ > 0, e=l.

JIOJIsI UHBECTHUIIMI B PUCKOBBIM aKTHB (B CyMME WHBECTHUIIMI B ONTUMAIbHBIN MOPTQENb) He
3aBUCHT OT OOrarcTBa.

3 D10 ynmpaxkHEHHe OMMPACTCS HAa METOBI CPABHHTENBHOM CTATHKH, KOTOPHIE HCIIONb3YIOTCS B AHANN3E BIIHS-
HHS HAJOT000J0KEHHsI Ha MHBECTHUIIMOHHBIC PEIICHHs, B TOM YKCJIE M Ha OTHOLICHHE K PHCKY. [Ipennonoxum, B
YACTHOCTH, B CHUTYAIlMX TPEABIAYINETo yIpakKHEeHUs, MyHKT (a), 9To h — cTaBka HamorooOmoxxeHnus. Torma pe3ysb-
TaT npeapiaynero ynpaxuenus — (a (1 — k) = const — o3Ha4aeT, 4TO ypOBEHb (YACTHOTO) PUCKA ONMTHMAILHOTO
noprdens (M3MepsIeMOro JAUCIEpCHel 10X0/a, MOJIy4aeMOoro ero BiajeblieM) B MPEINOIIOKESHUH, YTO OH CO/ep-
KUT 00a aKTHBA, HE 3aBUCHT OT CTABKH HAJIOTO00JI0KEHHUS JOXO/I0B OT HHBECTHUIINH.

310 yTBEpHKICHHE O TOCTOSIHCTBE YaCTHOTO PUCKa (IIPU POCTE PHUCKA COLMANBHOTO, MTOCKOJIBKY JIOJISi PUCKOBBIX
WHBECTHUIIMH B OOIIEeH cyMMe WHBECTHIIMH, & BMECTE ¢ HUM M Aucrepcus (puck) moptdels Bo3pacTaeT) MpH BBelIe-
HHUHU TPOTIOPIHOHATIBHOIO HAJIOTa Ha J0XOJbl OT MHBECTUIIMI OKa3bIBAETCS, BOOOIE TOBOPs, HEBEPHBIM B Cllydae,
KOT/Ia IOXOJ IPUHOCHUT 1 OE3PUCKOBBIN aKTHB.



1. O6Lwwee paBHOBecUue

TeopeMbI cyuiecmeoeaHusi o6uje2o pasHogecusi

B srom maparpade MbI IpOMILTIOCTPUPYEM Pl CTAHAAPTHBIX CIOCOO0OB JOKAa3aTeNb-
CTBA CYIIIECTBOBAHUS PAaBHOBECHS B JBYX THIIAX YKOHOMHUK: SKOHOMHKAX OOMEHa U KO-
HOMHKax Dppoy-Ledpe.

PaccmoTrpuMm BHavane 3koHOMHKY oOMeHa. [lycTs umerorcs / Gmar u n motpebuTenei,
KayKJ[BIi M3 KOTOPBIX XapaKTEPHU3yeTCs OTHOLICHHEM IIPEAIOYTCHHS >; Ha MHOXKeCTBE X;'
(B manpHeWIeM BCIOY MPEAIoaraeTcs, YTO OTHOIICHHUE MPEATIOYTCHUS SBIISIETCS TOJI-
HBIM, TPAH3UTHUBHBIM U HETPEPHIBHBIM, TaK 4TO, B COOTBETCTBHE C TeopeMoil [lebpe, cy-
[IECTBYET MPEACTABISIONIAs JAHHOE OTHOIIECHUE TMPEANOYTCHISI HeTpephIBHAS (DYHKITUS
MIOJIE3HOCTH U(X;), KOTOpasi 3aBUCUT OT MOTPEOJICHUS ITOTO YYaCTHUKA), a TAKIKE COOCT-
BeHHOCThIO (HAYaJIbHbIMU 3anacaMu) . Ilycte, kak u Tpexae, p — BEKTOP ILICH
Ha ToBaphl. [Ipeanonaraercs, Kak U paHee, YTO MOTPEOUTENh MAaKCUMHU3ZHPYET CBOIO TO-
JIE3HOCTh Ha OIO/)KETHOM MHOXECTBE, KOTOPOE OMpPENEsieTcsl ero COOCTBEHHOCTHIO (.
Takum oOpa3om, 3a/1a4y OTJEIBHOTO NOTPEOUTENSI MOXKHO 3alKcaTh B BUJIE:

ui(x;) = max,,
pPXispo
x; € X,.

OO1ee orpaHnueHUE I SKOHOMHUKH COCTOUT B TOM, YTO BBIITOJIHEHBI MaTepUATbHBIE
(momy-) GamaHchl, T.€. CyMMapHOe MOTpeOIeHue HEe MOXKET IPEBHIIIATh HAYaIbHBIX 3arla-
coB Ouiar:

S <Y o
i i

Omnpenesienune 1.
ITon 3KOHOMMKOWN OOMeHa msi OyZieM TOHUMATh CIIEIYIOIIee MHOKECTBO
E={X, ui.))ie 1: (%) e 1}-

BBenem teneps ornpeneneHne paBHOBECHUS JIJIs1 SKOHOMUKH OOMEHa.

Onpenesenne 2.

Iox (06mum) PABHOBECUEM B 3KOHOMMKE OOMEHA Mb1 6ynem Habop {p, {X;
}ic 1}, TAKOH, UTO:

1. llens! Oy1ar HEOTPUIIATEIILHBL: P € DRi.

2. Kaxxplii BEKTOP X; SBIISCTCS PEIICHUEM 3a1a4d IOTPeOUTENs PH IICHAX P, T.C.

X € argmax, _ g, o HilXi)s

' B nanpHeimem mpeamonaraeTcs, 9to X; — 3aMKHYTOE H BBITYKIOE TOAMHOXKECTBO /-MEPHOTO Ipo-

A
CTpaHcTBa Onar, T. ¢ X; C Rl.



rae Bip, o) = {xi€X; | px;< p o}.
3. BrinmonHeHs! nosy0anaHcsl o 6aram, T.e. V& BBITIOJIHEHO

Yx <o

B nanpHelem a1 ynpomieHus BMECTO {X;};c ; OyJIeM mucaTh X.

Mooenv Sppoy-/ebpe.

Mogaens Dppoy-JleOpe sBhsieTcs pa3BUTHEM MOJACIA OOMEHA W BKIIFOYAET B ceOs To-
MHMO TIOTpeOuTENIEH, TPON3BOICTBEHHBIN CEKTOP.

PaccmoTrpum, Takum 00pa3om, SKOHOMHUKY C [ Oiaramu (ToBapamu), U IByMsI TUTIaMU
HKOHOMMYECKUX areHTOB: MOTPEOUTENIMH U MPOU3BOAUTENSIMHU. [IycTh B 3KOHOMUKE 1
noTpeduteneit u m npousBoauteneii. [lycte MHOXecTBa J, I, K — MHOXECTBa WHJIEKCOB
TOBapOB, MOTPEOUTENCH U MPON3BOIUTEIICH COOTBETCTBEHHO.

JIns KaxKI0ro NpeanpusaTHs j 3aaeTcsl MPOM3BOJACTBEHHOE MHOXKECTBO Y; — MHOKe-
CTBO BEKTOPOB YHCTOT'O BBIITYCKA, k-5 KOMIIOHEHTAa BEKTOPA );€ ¥; MOKa3bIBAET, CKOJIBKO
k-ro Gara BeITTyCcKaeTCs (MJIA 3aTPavynuBaCTCs) j-M ITPOU3BOIUTEIICM.

Oco0EHHOCTHIO MOJICIH SBJISIETCS] TO, YTO B HEH CrieM(pUIIMPOBAHBI TTpaBa COOCTBEH-
HOCTH MOTpeOUTENeH Ha BiajeHue GupMaMu, TPOU3BOASAIIMMEI MPOAYKIHi0. Takum 00-
pa3oMm, B MOJIENIM MPENoiaraeTcs, YTo Bce MPEeANpHUATHS KOMY-TO IPUHAAJIEXKAT, TO €CTh
KaK/IbIH YYACTHHK i BIAJEET 0N Y; j-T0 NPEANPUATHS, IPHIEM Y _ie; Yy = 1, ¥;>0.

YcnoBus MatepuanbHON COATaHCUPOBAHHOCTH B SKOHOMHKE C MPOU3BOJICTBOM TIPH-
HUMAaKOT BUA:

k k k
St < 5+ Sol
i J i

Hanuuue npon3BoACTBEHHOTO CEKTOpa BIUSET U Ha MOCTAHOBKY 3aJ[aud MOTPEOUTEI,
B YaCTHOCTH, JOXOJl MOTPEOUTEN CKIAIbIBAETCS U3 TOTO, YTO OH MOKET BBIPYYHUTH OT
MPOJaXXU HAYaJbHBIX 3allacoB M U3 €ro J0X0/a OT ydacTus B nmpuObuiu. IlosTomy Oron-
’KETHOE OrpaHUYECHHE MOTPEOUTEN UMEET BU:

PXi<pOtD s Yipy -

Onpenesenne 3.
[Tox 9KOHOMWKOW 3ppoy-£l,e6pe MBI OyZIeM IOHUMATh CJIEAYIOIIEEe MHOKECTBO

Eap = {(Xi, wi())iers (Yp)jess (@)icr; (Yi)iey jes §-
BBejieM Teneph onpejieieHIe pPaBHOBECH Il SKOHOMHUKH Dppoy-Jlebpe.

Onpenesenne 4.

ITon paBHOBECMEM B 3KOHOMMUKE Ippoy-[edpe mwi 6ynem nonumats Ha-
oop {p, X, y}={p; (X)icr; (¥ )jes;}, TAKOH YTO:
1. llens! Oytar HEOTPUIIATEIILHBL: P € DRi.



2. Kaxaplii BEKTOp X ; IBIIACTCS PEIICHUEM 3aJ1a4i TOTPEOUTENS IPH 1IEHaX P, T.C.
X € argmax, g, ¢ 4ilX0),

riie Bi(p, @, V) = € X; | pXi < p @+ 2es Yy PV}
3. Kaxxzip1il BEKTOp y ; ABISETCA PEUICHUEM 3a]1a4d IPOU3BOAMTENS IIPU LIEHAX P, T.€.

7, € argmax, .y py,
4. BeirmoaHeHs! OanaHchl 10 0j1araM, T.e. VA BBIITOJHEHO

<Yy + Yo
<2 :

1

OnHuM W3 HamboJee BaKHBIX BOMPOCOB, M3yYaeMBIX IMPH PACCMOTPEHUHM MOJEINeH
00IIero paBHOBECHS, SBISIETCS BOMPOC CYINICCTBOBAHHS PAaBHOBECHOTO PaCIpEeICHUS
(6onee TOuHO, paBHOBECHBIX pacmpenencHuii). CrocoObl Jg0Ka3aTeabCTBa CYIIEeCTBOBA-
HUS paBHOBECHSI OCHOBAHBI Ha IEMOHCTPAIMH TOTO (PaKTa, YTO HEKOTOPOE, TOIXOISIIUM
00pa3oM MOCTPOEHHOE, 0TOOpaKEHHE MMEET HEIOJBMKHYIO TOUYKY, COOTBETCTBYIOIIYIO
COCTOSIHUIO paBHOBECHSI, UTO, B CBOIO OYepellb, OMIMPACTCS Ha BapuaHTH TeopeMbl bpay-
9pa O CyIIECTBOBAaHHH HETIOJBIKHOW TOYKH HEMPEPHIBHOIO OTOOPaKEHHS HEKOTOPOTO
KOMITAKTHOTO MHO>KeCTBa (0OBIYHO, MHOYKECTBA I1€H) B ce0s1, MJIM HA €€ HEIOCPEICTBCH-
HOe o00o00menne — TeopemMy KakyraHm O HEMOABWIKHOHW TOYKE TOYEUYHO-
MHOXECTBEHHOTO BBIITYKJIIO3HAYHOTO OTOOpPaKEHUSI KOMITAKTHOTO MHOYKECTBA B CeO0sl.

B Hambosee mpocToi BepcHr JOKa3aTeIbCTBa MOCTPOCHUE TAKOTO OTOOPaKCHHUS OTIH-
paetcst Ha pyHKIUIO (0TOOpakeHne) N30BITOYHOTO CIPOCa, TO €CTh MPEBBIIIEHUE CIIpoca
Haj nipemiokenueM. (DopmanbHOE onpeseneHrne W30BITOYHOTO CIpoca JUIS pa3THIHBIX
TUTIOB SKOHOMUK MTPUBOAMTCS HIDKE.) J[0Ka3aTenbCTBO CYIIECTBOBAHUSI PABHOBECHS TIPO-
BOIUTCS B JiBa dTana. CHavana J0Ka3bIBaeTCs, YTO ONpEACICHHBIC CBOWCTBA (PYHKITHH
U30BITOYHOTO CIIPOCa TapaHTHPYIOT CYIIECTBOBaHUE paBHOBecHs. Jlanee, st 5KOHOMUK
Pa3IMYHBIX THITOB YKa3bIBAIOTCS YCJIOBUS (CBOMCTBA MPEANOYTEHHH M T.X.), KOTOpBIC
rapaHTHPYIOT BBHITOJHEHHUE JAHHBIX CBOHCTB M30BITOYHOTO CITPOCA.

st mogenu ooMeHa (GyHKIHSI U30BITOYHOTO CIPOCa CTPOUTCS CICTYIOIIMM 00pa3oM.
[Tycts mpu neHax p GyHKIUA crpoca (WA B OOIIEM Ciydae 0TOOpa)kKeHue CIpoca) i-ro
y4acTHHKA €CTh X;(p). Torma 3HaueHne QyHKIIMHA W30BITOYHOTO CIpOCa MPH ITUX IEHAX
MOKa3bIBAaET M3IIMIICK CIPOca KaKIOro TOBapa MpH IEHaX p MO CPaBHEHUIO C IEPBOHA-
YabHOW COOCTBEHHOCTHIO y4acTHHKA. DYHKIUS M30BITOYHOTO CIIPOCa YIKOHOMHKH €CTh
cyMMa (pyHKITUH U30BITOYHOTO CITpOca JIJIsl BCEX MOTpeOuTeNnei.

Onpenenenue 5.
dyHKumMen (oTobpaxkeHnem) n3bbITOYHOro CNpPoCca B Moseu oOMeHa Ha-
3pIBaeTCs QyHKIUS (OTOOpaKEHHE)

E(p) =Y (x(p) - o).



AHaJOTUYHBIM 00pa3oM ompenensieTcss H30BITOUHBIN crpoc B Mojenn Ippoy-Ledpe.
KpoMe HaudanbHBIX 3aacoB M CHpOCa CIENyeT YYUTHIBaTh TaKKe MpeAsokKeHue Onar

(%(p))-

Onpenesenne 6.
®dyHKkUMen (oTobpaxkeHnem) M3BbITOYHOrO Crpoca B Moaenu Dppoy-
JleOpe Ha3piBaeTcs QyHKIHS (0TOOpaskeHHe)

E(p) = 2 (xip) — @) - 2_z(p).

B curyanun, koraa u30BITOYHBIA CIPOC OMpeENeseTcsl OJHO3HAYHO OIpeiesieHue
paBHOBECHUSI MOXHO TepedopMyIupoBaTh B TepMHUHAX (DYHKIMH U30BITOYHOTO CIIPOCA,
MOCKOJIBbKY, KaK HETPYJIHO MOHATH, PABHOBECUE CYIIECTBYET TOT1a M TOJIBKO TOT/1a, KOTIa
CYIIIECTBYET BEKTOP IIeH p, Takou uto E(p) < 0. [Tokaxkem 3TO 11s ciaydasi SKOHOMUKH
oOMeHa.

HetictBurensHo, mycth E(p) < 0. Toraa, To mapa {p, x(p)} 1o OnpeaeiIeHnIo ABIICTCS

pasHoBecueM. C pyroif CTOpoHEL, eciu {p, X} — pasHoBecue, To E(p) = > (X, — ;) < 0

1

(momyGanaHc mo Giaram).

Onpenenenne 7. 3aKOHOM Banbpaca s teopun o61ero paBHOBeCHS Ha3HIBAIOT
cleayrolee paBeHCTBO:

—k k
P> _Xi; = pY 0 Ul SKOHOMUKH 0OMeHa,
,- :

prf = pZ Vit pZo)f‘ U1 5KOHOMUKH Dppoy-Jlelpe.
i j i

HamomHuM, 4TO B TEOpUH NMOTPEOUTENS MBI Ha3bIBaJIM 3aKOHOM Banbpaca cooTHoIIe-
Hue px{p) = R;. bonee npaBuiabHO Ha3bIBaTh 3aKOHOM Banbpaca paBeHCTBO AJIs HKOHO-
MUKH B LEJIOM.

B sxoHOMuKe 00MeHa R; = pay, B 5koHOMEKe Dppoy-Lledpe R; = p @+ Y_ic; Yy py; (npu

> erYi= 1, ¥;20), nosromy 3akon Banbpaca B TepMHHAX HU30BITOYHOTO CIIPOCA MOKHO
nepeopMyIHpOBaTh KaK
PE(p)=0.

3aMeTHM, 4TO B COOTBETCTBHUHU C 3aKOHOM Banbpaca paBHOBECHBIE IIEHBI OJ1ar JTOJIKHbI
OBbITH paBHBI HYIIIO, €CIM PAaBHOBECHOE NPEJIOKEHHE ATHUX OJiar MpPEBBIIIACT CHpPOC Ha
HUX:

ecn EX(p) <0, To p* = 0.

(ITox EX(p) moummaem n3GsiTounsiii crpoc Ha k-oe 61aro.)

C npyroii CTOpOHBI, Ha PBIHKAX OJar ¢ MOJIOKUTEIbHBIMU IIEHAMHU H30BITOUYHBIN CIIPOC
JOJI’KEH OBITH PaBEH HYIIIO:



ecn p* > 0, To EX(p) = 0.

Crenyromee yTBep)KJI€HHE YKa3bIBae€T CBOWCTBA (YHKLIUHU M30BITOYHOTO CIIpPOCa, KO-
TOpBIE TAPAHTUPYIOT CYIIECTBOBAHNE PAaBHOBECHSI.

[TockonbKy (YHKIMU CIIPOCa OJHOPOIHBI HYJIEBOM CTENEHU, TO (YHKIIMU N30BITOYHO-
ro CIpoca TaKkXe OJHOPOAHBI HyJIeBOM creneHu. [1o3ToMy eciiu p — paBHOBECHBIN BEK-

Top 1eH, To0 Ap (A>0) — Takke paBHOBECHBIN BEKTOp IIeH M HaoO0opoT. T.e. paBHOBEC-
HBI BEKTOP LIEH ONPEIENISAETCs C TOYHOCTBIO 10 "HOPMUPOBKH'" 1IEH.

Bbynem paccmarpuBaTh, IOTOMY, CIEAYIOIIEe MHOXKECTBO LIEH = (p=0|>p"=1}.
[Ipu >TOM KakJIoMy BEKTOpY IIEH p W3 R. (32 MCKIJIIOUEHHEM HYJIEBOT'O BEKTOPA) MOXKHO
COIMOCTaBUT BeKTOp Ap (mpu A>0) u3 S, Dror croco6 HOPMHPOBKH II€H yJI0OCH TEM,

-1
YTO MHOXKECTBO S ' KOMIIAKTHO (4TO, KaK MBI YBHIUM HIDKE, TIO3BOJISIET HEMTOCPEICTBEH-
HO UCTIONIB30BaTh TeopemMy bpayapa).

YT1Bep:kaenue 1.
[Ipeanonoxxum, 4to cucrema GyHKITUN {Ek(p)}, k=1, ..., sBngeTcs HEMPEPHIBHON HA

i v
MHOXecTBe LieH pe R, MOJIOXUTENBHO OJHOPOIHA HYJIEBOM CTENEHU U YIOBJIETBOPSET
3akoHy Banbpaca pE(p) = 0.

Toraa cymiecTByeT BEKTOp LIEH pE R. TaKOU, 4TO Ek(ﬁ) <0,k=1,..,1L

Hokazamenbcmaeo:

Onpenenum Ha MHOXKECTBE s CIIEIYIONTYI0 CHCTEMY (DYHKITHMN:
v _ P+ max(0, E(p))
P TTTY max(0, E )y
(ITpaBuito «mepecyeray CTpYKTYpHI IIEH
p < g),
UMHUTHPYET BO3MOXHYIO PEaKIIMIO OpraHa, OTBETCTBEHHOTO 3a IIEHO0Opa3oBaHMe, HA He-
paBHOBECHs Ha pbIHKax Oyar. B cooTBeTcTBUUM ¢ HUM IIeHA AeUIUTHOrO Ojara yBelu-
YUBAETCSl Ha BEJIUYMHY, NPONOPHHOHANBHYIO nepuuuty. Koaddumment mponopimo-

HAJIbHOCTHU BBIOMpAETCs TaK, YTOOBI HOBBIM BEKTOP II€H OBLT 2JIEMEHTOM MHOXKECTBA s 71.)
OyHkius g(.) yIOBIETBOPSET BCEM yCIOBUSAM TeopeMbl bpayspa (oHa otoOpaxkaer s
B ce0s [0 TIOCTPOCHUIO U SIBISICTCS HENMPEPHIBHBIM, TaK KaK MOCTPOEHO IyTEeM OIlepalui,
COXPaHSIONIMX HEMpPepbIBHOCTH). [103TOMY CyliecTByeT BEKTOp LIEH P, SBISIOIIUIACS He-
MOJBMKHOM TOUKON QyHKIMH g(.):
_, P +max(0, E\(p))
P 4+ Y max(0, E(p))
[TpeoOpasys 3T0 BbIpa)KeHUE, OIyUUM
7' > imax(0, E'(p)) = max(0, E(p)).
YMHOXUB 3TU TOXKIECTBA HA Ek(ﬁ) U CJI0KUB, ITOIYy4UM
(Ximax(0, E () 2o p' E(p)= X E'(p) max(0, E'(p)).
B cooTBercTBUU ¢ 3aKk0HOM Banbpaca BTOpOH COMHOKHUTENb JIEBOM YaCTH COOTHONIE-
HUs paBeH 0, mo3ToOMy

0=> EX(p) max(0, E“(p)).




— — —\\2
Benuuuna Ek(p) max (0, Ek(p)) paBHa 6o 0, Trudo (Ek(p)) . Ilockonbky Kaxaoe u3
ClIaraeMbIX HEOTPHUIIATEIHHO, TO CyMMa MOXET OBITh paBHA HYIO, TOJBKO €CIIA KaXKI0e

kK —
ciaraemoe paBHO Hymto. OTcroza cienyer, uro £ (p) < 0.
]

PaccmorpuM Terneps, Kakue yclIOBUs HA MPEANIOYTCHUS FapaHTUPYIOT HaM BBINIOJIHE-
HUE IPEAIOJIOKEHUN BBILICIIPUBEACHHOIO yTBepKAeHusA. HenpeprlBHOCTH Ipenanoyre-
HUI TapaHTUPYET CYIIECTBOBAHME PELICHMI 3a/au MOTpeOuTeNs, Mo KpaiHel Mepe, Ha

MHOXECTBE CTPOTO IOJIOKUTEIBHBIX IIEH (P GRL). JlokanpHas HEHACBIIIAEMOCTh MpeJ-
MOYTECHHUI TapaHTUPYeT BBIMOJHEHUE 3akoHa Bamwpaca (pE(p) = 0). Ctporas BBITYK-
JIOCTh TPEATIOYTEHUI 00ecIeYnBaeT SAMHCTBEHHOCTh PEIICHUS 33aaud MOTpeOuTeNs, a
CTporasi BBITYKJIOCTh TEXHOJIIOTHIECKAX MHOKECTB JJaeT SMHCTBEHHOCTh PEIICHUS 3a/1a-
YH TPOU3BOAUTEIIS.

HenpepbIBHOCTH M CTpOTasi BBIMYKJIOCTh MPEANIOYTEHUH B ClIy4ae SKOHOMUKH OOMEHa
rapaHTHPYET HEMPEPBIBHOCTh (DYHKIIMHM COBOKYITHOTO CIIPOCa HAa MHOXKECTBE IIEH M TI0-
3BOJIIET TOBOPUTH O TOM, UYTO CHUCTeMa (HYHKIIUHA {Ek(p)} JUISL 9TON YKOHOMMKH SIBIISICTCS

HEIPEPBIBHON Ha MHOXKECTBE LIEH P € R.. pu ; > 0.

[IpaBna, ykazaHHBIMU CBOMCTBaMHU (DYHKIIMM COBOKYITHOTO CIIPOCA M, CIEIOBATEIbHO,
¢GyHKIMU U30BITOYHOTO CIpoca 00Jaal0T TOJIBKO Ha MHOXKECTBE MOJOXKHUTEIbHBIX LIEH,
TOTAa KaK B JIOKAa3aTeJIbCTBE YTBEPXKACHUS TpeOyeTcss BBIMOJHEHHE aHAJIOTHYHBIX
CBOWCTB Ha MHO>KECTBE BCEX HEOTPULATENbHBIX IIeH. OMHMCaHHBIA HIKE ITPHEM MTO3BOJIS-
€T B psizie ciiydaeB 000MTH 3TO 3aTpyqHEHUE.

Moaudunmpyem 3amady moTpeOUTENsi, BBEAS TOMOTHUTEIHLHO K OFOKETHOMY OTrpa-
HUYEHUIO KOJIMYECTBEHHOE OrpaHMyYeHHE (KBOTY Ha MOTPEOJICHHE) MO KaXI0My MPOIYK-
Ty CJICAYIOIIETro THIIA:

k k .
xi<oyte i=1,..,m, k=1,...,1L

k k
rae @y = > o — CyMMapHBbI€ 3amackl 01ar B 5KOHOMHKE, € — TPOU3BOJIbHAS TIOJIOKH-
i

TeTbHAsi KOHCTAHTA.

MoaudunupoBaHHOE TaKUM 00pa3oM OI0JKETHOE MHOXKECTBO Ka)JI0T0 MOTPEOUTENs
OKa3bIBAETCS] KOMIIAKTHBIM IPH JIF0OOM BEKTOpE ILIEH pE R. u M03TOMY B CJy4ae Herpe-
PBIBHBIX IPEINOYTEHUI BCerjaa CylmecTByeT Haubojee MpearnouynTaeMblid MOTpeOUTENb-
ckuii Habop. B ciydae, korja mpeanouTeHus: CTPOTO BBIMYKIIbI, 3TOT HA0Op €AMHCTBEH-
HBI, U TaKUM 00pa30M, OKa3bIBAIOTCA OMpEEIeHHBIMU MOoaU(UIMpoBaHHbIE (HYHKIIUU
crpoca x,-*(ﬁ) U, CJeN0BaTelIbHO, MOAU(MUIIMPOBaHHAS (DYHKIHS HW30BITOYHOTO CIIpOCca
E*(.). B cnydae, korna ¢yHKIms E*(.) OKa3bIBaCTCs HEMPEPHIBHOU, Y TBEepKIaeHue 1 ra-
pPaHTHPYET CYIIECTBOBAHUE BEKTOPA IIEH p, P KOTOPOM BBITIOJIHAETCS COOTHOLICHHE

E'(p)<0.

BrlimmotHEHHE COOTHOIIICHUS E*(ﬁ) = E(p) Torna rapaHTHpPYET CyIIECTBOBAHHE PaBHO-
BECHSA B UICXOTHOU MOJIEIH.

HenpepbIBHOCT (yHKIIUU E*(.) Ha pe R. MoxHO rapaHTUpOBaTh, HAIPUMED, B CILy-
Yae, KOTJa MPEANOYTCHHUsI YYACTHHUKOB HEMPEPHIBHBI U CTPOTO BBIMYKIIbI, 4 HAYAIbHBIC

3amachbl yYaCTHHUKOB CTPOTO MOJOXKHUTEIbHBI (>>0). IToka3zaTh 3T0 MOKHO CIIOCOOOM,



AQHAJIOTMYHBIM JI0KA3aTENIbCTBY HEMPEPHIBHOCTU (YHKIIMHM CIIPOCa HAa MHOXKECTBE I[€H
PE R (cM. TaBy, MOCBSILEHHYIO 33/1a4€ MOTPEOUTENS).

[Toxaxkem Teneppb, 4TO MPU E*(ﬁ) < 0 ompezeneH U30BITOYHBIN CITPOC UCXOTHOM 3a/1a-
yu E(p), 1 BBITIOJIHEHO E*(ﬁ) = E(p), T.e. paBHOBECHBIC IIEHHl B MOAU(PUIIUPOBAHHOMN
MOJIEIN OKa3bIBAIOTCSI PABHOBECHBIMU B UCXOIHOM.

[Tycth E*(ﬁ) < 0. Torma {p, x*(ﬁ)} — paBHOBecHE B MOJU(DHUIIMPOBAHHOW MOJIEIH.
ITockonbky

@) < op- Yl P cop<opte,
Kk
TO JOIOJNHUTEIBHO BBEICHHBIC HAMU OTPAHHYCHHS HECYLIECTBEHHBL, T.c. {P, X (P)} —
paBHOBECHE B UCXOQHOU Moaenu, U E *(13) = E(p). (AnanoruunsiM 00pa3oM MOXHO TOKa-
3ath, uto ecin E(p) < 0, To E (p) = E(p)).

Ha ocHOBe 3THX pacCyXKIeHHI MolydaeM CIEAYIONIYI0 TEOPEMY CYIIIECTBOBAHUS paB-

HOBECHSI B MOZIENTH OOMEHa.

YrBep:xnenue 2.
Ecmu B s5xoHOMUKE 06MeHa MNpeaAOUYTCHUA YYaCTHUKOB JIOKAJIbHO HCHACBIIACMbI, HC-
MNPEPBIBHBI U CTPOr'0 BBIITYKJIbI, @ HAYAJIbHBIC 3aI1aChbl BCCX YUYACTHHUKOB IMOJIOKHUTCIIBHBI

(@:>0), To paBHOBECHE CYIIIECTBYET.

Ha ocHoBe npuBeneHHOM TeOpeMbl CYIIECTBOBaHMS PaBHOBECHS MOYHO IOJy4aTh yc-
JIOBUSI CYILIECTBOBAHMS PaBHOBECHUS U B CUTYallUAX YKOHOMHUKH C MPOU3BOACTBOM, €CIIU
GYHKIMS IPEIIOKEHUs TaKkKe SBJsETCs HenpepblBHOW. Tak, rapaHTUPOBaTh HEMPEPHIB-
HOCTh (PYHKIIUH TIPEAJIOKCHHUS B Mojaenu Dppoy-/lepde MOXKHO JHIIb TP HEKOTOPHIX
YCIIOBUSIX HAa TEXHOJOTHYECKHE MHOKECTBA WJIM MPEACTABIAIONINE MX MPOU3BOICTBEH-
Hble pyHKIMU. Hanbosee mpocTol U 4acTo paccMaTpUBAEMBbIF B YKOHOMUYECKON TEOPHUH
THUII TIPOU3BOJICTBEHHOW (DYHKITUH, TApaHTHPYIONIUN HENPEPBHIBHOCTh (YHKIIUU MPEII0-
KEHHsl, — HEOKJacCHuuecKas IMPOU3BOJCTBEHHAs (YHKIUA. XapaKTepHbIM MPUMEPOM
storo tuna GyHKuun seiserca GyHkuus Kob66a-Jlyrmaca, 3aBucsiias TOIbKO OT '"mep-
BUYHBIX" ()aKTOPOB MPOU3BOJICTBA, MPEIOKEHUE KOTOPHIX OTPAaHUYEHO.

3aMeTHM, 4TO MBI, BOOOIIE TOBOPS, HE MOXEM HCIOJIh30BATh MPHUEM, COCTOSIIHNA BO
BBEJICHUW KOJIMYECTBCHHBIX OIPAaHWUYCHH, B CHTYyalldH, KOTJa HadalbHbIC 3aMlachl XOTS
OBl OJHOTO M3 YYaCTHUKOB HE COZAEPIKaT XOTs OBl oHOTO Oara. Kak moka3bIBaeT npuBe-
JICHHBIN HWKE MPUMEpP, B 3TOM ciydae (DyHKIHS W30BITOYHOTO CIPOCa MOXKET HE OBITh
HETPEPHIBHON HA TPAaHUIIC MHOXKECTBA IICH.

[Mpumep 1 (koHTpIpHUMEpP K TEOPEME B CiIydae HYJEBBIX HAYaBbHBIX 3aI1aCOB OIHOTO
u3 Omar)

[Tycth B 5KOHOMHKE OOMEHa €CTh TOJIbKO ABa Onara (/=2), pyHKIIMHU MMOJIE3HOCTH y4a-
CTHUKOB Vi UMEIOT BUJ

1 2 1 2
uxi, xi)=\x; + ‘\/x,—,




a HavyaibHbIC 3anackl paBHBI @ = (0, 1). OueBHIHO, YTO MPEAMIOYTECHHS paccMaTpHUBae-
MBIX YYaCTHUKOB JIOKQJIbHO HEHACHIIIAEMbI, HEIIPEPHIBHBI U CTPOTO BBHITYKIIBI.
1 2
3amaga moTpeOuTensi COCTOMT B TOM, YTOOBI MaKCUMHU3UPOBATH u(X;, X;) MPH Cle-
JTYIOIINX OPAaHUYEHUSIX:
11 2.2 2
pxitpxi<p.
1 2
Xiy Xi > 0
1
1 2 2,1 2 E
ITpu p , p#0 cnpoc yuacTHHKa Ha BTOpoe 0aro paBeH X;(p , p ) = 7 Taxum obpa-
pp

2,1 2 2 2
3oM, X;(p, p) — 1 npu p — 0. Ho ecitu p~ =0, To 1m0I€3HOCTH MOYKHO CJlieJIaTh HEorpa-
-~ 2
HUYEHHO OOJBIION, YBENINYMBadA X; (CIpOC Ha BTopoe O6maro OeckoHedeH). Takum oOpa-

2 o
30M, CIIpOC Ha 2-¢ Ojaro He sBIsAeTCS HempephlBHBIM npu p = 0. [lokaxem, 4To B ATOM

HKOHOMUKE PaBHOBECHE HE CYIIECTBYET.
2.2

1 1 209
p(p+tp)
JIOJKUTCJIICH. 3Ha‘H/IT, l'IpI/I ITIOJIOKUTCIIBHBIX IICHAX paBHOBeCI/Iﬂ 6BITB HE MOXET, TaK KakK B
PKOHOMHUKE TepBoe 01aro orcyTcTByeT. Ecim ske nmeHa Ha oHo u3 67ar paBaa 0, TO COOT-

BETCTBYIOIIUI CIpOC OECKOHEUEH, U PAaBHOBECHS MPU ATHX L[EHAX TOXKE HET.
3ameTuM, 4yTO MOAUGUIUPOBaHHAS (YHKIUS U30BITOYHOIO CIIpoca HE SBJISETCS He-

[Tpn pl, pz;tO CIPOC y4yaCTHHMKa Ha MepBoe 0y1aro paBeH xi (pl, pz) = T.€. TO-

o 1 2 . o 2,1

npepeiBHOU. [Ipu p, p#0 copoc yuyacTHHKA Takoi k€, KaKk B UCXOAHON MOAeNu, U X;(p ,
2 2 2

p)— 1 opup — 0. Ho npu p” =0, cripoc Ha Bropoe 61aro paseH 1 + €. Takum oOpazom,

CIpOC Ha 2-¢ 0J1aro He SABJSIETCS HEMPEPHIBHBIM MPH p2 =0, ¥ IpUBEJIEHHOE JOKa3aTellb-
CTBO CyILIECTBOBaHUS "He paboTaet".

Ecnu B mpuBeieHHOM BBIIIE PUMEPE AaTh XOTs OBl OJJHOMY M3 YUYACTHUKOB HEHYIIC-
BOI 3amac mepBoro 0iara, To, XOTS H30BITOUHBIN CIIPOC TIO MPEKHEMY HE OyAeT Hempe-
PBIBHBEIM, HO paBHOBECHE CyIIecTBYeT. (Jloka3aTenbCTBO ATOrO OCTaBISEM YUTATENIO B
KauecTBe ympaxHeHHs.) TakuMm oOpa3oM, BBIMICIIPUBEICHHBIC YCIOBUS HA U30BITOYHBIN
CIIPOC SBJISIIOTCS IOBOJIBHO OTPAHUYUTEIILHBIMH.

Hwuxe nmpuBoauTcs Ipyroil BapuaHT TEOPEMBbI CyIIECTBOBaHUS ¢ Ooyiee cmabbIMuU yc-
JIOBHSIMH Ha U30BITOYHBIN cripoc. JloKa3aTebCTBO ATOTO YTBEPKIEHUS COCTOUT B YKa3a-
HUU TIpaBWJIa Tpolecca IeH000pa3oBaHus (OTIIMYHOTO OT OMHMCAHHOTO BBIIIE), UMHUTHU-
PYIOIIEro TMOBEACHUE IEHOOOPA3yIOIIEro OpraHa, KOTOpOE IMOPOXKIAeT OTOOpaKeHHE
MHOXeCTBa LeH S B cels, ynosieTBopsitoniee Teopeme Kakyranu (0 cymecTBOBaHHH
HETOJIBIYKHOW TOYKH BBITYKIO3HAYHOTO 3aMKHYTOTO OTOOPa)KEHUS KOMITAKTHOTO MHO-
JKecTBa B ce0s1).

YT1Bepaxnenue 3.
[Tpenmnonoxum, uro pyHkuus E(p) yaoBIeTBOPSET CICAYIONUM YCIOBUSAM:

e E(p) HENpepbIBHO Ha st = {pe D]R{l+ 1> pF =1, p*>01.
e E(p) 0HOPO/IHO HYJIEBOM CTENEHU Ha s

-1
e Brmonneno toxaectso pE(p) =0 Vpe S (3axoH Banbpaca).
e OyHKIMK U30BITOYHOTO CIIPOCA OTPAHUYEHBI CHU3Y, T.€. CYLIECTBYET YHCIIO f, TAKOE
4To




E\p)>t Yk Vpe s

e Eciin xoTs1 ObI 0JTHA U3 IIEH CTPEMHUTCS K HYIIO, TO U30BITOUHBINA CIIPOC XOTA ObI Ha
OJIHO 6Iar0 CTPEMHTCS K GECKOHEUHOCTH, T.¢. ecim {p'} € S u p"—p° npu n—roo, mpu-
YeM CYIIECTBYET 01aro k, Takoe 4To pg =0, 10

max; (E“(p")) — oo pu n—soo.

Torna cymiecTByeT BEKTOp p € DRi+, takoit uro E(p) = 0.

Hoxazamenvcmeo:
JlokazarenbCcTBO YCIOBHO pa3o0beM Ha TpH JTara:

1. [TocTpoenne oTOOpaKeHUs SIUHUYHOTO CUMILIIEKCa S B cebs.

2. IlpoBepka 3aMKHYTOCTH TpauKa M BBITYKIO3HAYHOCTH MOCTPOSHHOTO OTOOPaKEHHUSI
U IPUMECHEHHUE K HEMY TE€OPEMbI O HETTOJIBUKHOM TOUKE.

3. JleMOoHCTpanus TOTO, YTO HalJICHHAS HETIOABIDKHAS TOYKA SBIISICTCS BEKTOPOM PaBHO-
BECHBIX II€H, PACCMaTPUBAEMON SKOHOMHUKH.

o Sl—l
Jdran 1. Kaxnoit uene p € §¢ CcOnocTaBUM MHOXKECTBO

gp)=t{ge S |4Ep)> qE(p) Vg e S},

U TeM CaMbIM IMOCTPOUM OTOOpakeHue g(.) u3 S'e s, HApyrumu cioBamu, 3HaYeHUE
oToOpaxkeHust g(p) (p € S: 1) — MHOKECTBO BCEX BEKTOPOB II€H, MAaKCHUMH3UPYIOIIHNX
CTOMMOCTB U30BITOYHOTO CIPOCA, BEIYMUCICHHOTO MPH CTaphIX IeHaX p. MOXHO 3ame-
TUTh, YTO JIFOOOMY HEPAaBHOBECHOMY BEKTOPY IICH p € s, (T.e. B TaHHOM CITy4ae BEKTOpPY
p Takomy, uto E(p) # 0) nanHOoe oToOpa’keHHe CTaBUTh B COOTBETCTBUE MOAMHOMXKECTBO
(rpaHb MEHBIIECH pa3MEpHOCTH) CHMILIEKCA II€H, a JJI0OOMY PaBHOBECHOMY BEKTOPY —
BECh CUMIUICKC IIEH.

Ha rpanune cumruiekca e ghs! orpeaenuM g(p) no npaBuiLy:
-1 -1
gp)={ge S |q-p=0}={ge S |¢"=0,ccnnp'>0}.
OTMeTHUM, YTO MHOXECTBO g(p) HEIYCTO MPH JTHO00M p € s

Jran_2. BRIMyKI03HAYHOCTh MOCTPOSHHOTO OTOOPaKCHHS OYEBHIHA B CHUIy TOTO,
YTO YCIIOBHUS, OTIPEICIAIONINEe MHOXECTBA g(p), TMHEHHbI. TakuM oOpa3om, /Ui T0Ka3a-
TENIbCTBA CYIIECTBOBAaHUS HEMOJBUKHOW TOYKH OCTAeTCsl MOKa3aTh, YTO OTOOpa)KeHHE
2(.) mmeeT 3aMKHYTHIN TpaduK.

Ipeanonoxkum, uto nocienosarenshoctd {p'y € § ' u {g"t € S ¢ upenenamn p° u
¢° coorBercTBeHHO TaKoBbl, 4TO ¢'€g(p"). Ilokaxem, uro ¢'c g(p”). BosmoxHsI 1Be CH-
ryammm: (1) pe S.', 2) p’e S\ S,

B ciyuae p Oc 8 cymectByeT N, Takoe, uro npu n > N p" € s [Ipu n > N BbINON-
HEHO

¢"E(p") > qE(p") Vg e S

Iepexoms k mpexery, moxydnm, uto ¢ E(p °) > ¢’E(p”). TeM caMbIM MbI IOKa3aIH,

aT0 B 9TOM ciydae ¢’ g(p").




o 0 -1, -1 0
PaccMoTpuM Teneps ciydail, koraa p- € S [TycTtb k — Gunaro, a1 KOTOpOro py >
n
0. ITokaxxeM, 4TO TIPH JOCTATOYHO OOJBIIUX # BHIMOJHEHO ¢x = 0. Tem caMbIM MBI MOKa-
0 . n 0 0
xKeM, uTo g, = lim g = 0, u, caenoBarensHo, ¢ €g(p ).
—1, &1 n
Ecmu p" € Sl , TO TIO ompeneeHnto otoopaxenus g(.) umeeM g, = 0. Takum oOpa-
—1 0
30M, HaM OCTaJIOCh JJOKa3aTh B clydae p" es. , 4TO eciu p; > 0, To mpu 1OCTaTO4YHO
n
6onpiux n BemosiHeHO ¢ = 0. [To 3akony Banspaca umeem
n ny _ no K oopn
PLEP) ==X pr E' ()
K#k
Hcnonb3ys orpaHUu4eHHOCTh CHU3Y (DYHKIIMU U30BITOYHOTO CIIPOCa, HIMEEM
n " n no__ n
=X pe B @) <=1 pe=—1(1-pi).
Kk K #k
Orcroga

1 n
EJ((pn) < t( _Ek)
X T n .
Pk
TTOCKOIBKY pi CXOAUTCA K MONOKHTEIbHOMY MPEEIy, 5TO 03HAYACT, UTO 3HaueHHe £
(p") orpannueno cBepxy. C apyroit cTOpoHsl, BeuunHa max,{E (p")} crpemurcs k Gec-
KOHEYHOCTH. [103TOMY TIpH TIOCTATOYHO OOJIBIIIKX /1 BBIMOJIHEHO HEPABEHCTBO
E'p") < max {E'(p")}.
Orcrofia ciietyer, 4To MpH JOCTATOYHO OOJBIINX 71 BEKTOp g€ g(p”) MOKEH UMETh
I . 1
¢ =0. JleliCTBUTENBHO, COTJacHO ompenaciacHuto g(.) it Joboro Bekropa ¢ w3 Y
nomKHO ObITh BBITONHEHO ¢'E(p") < qE(p"). Onnaxo, ecmu 6b1 ¢™>0, To mpu E'(p") <
max,{E°(p")} MBI MOTIIH GBI TIOCTPOMTH HA OCHOBE BEKTOPA ¢ BEKTOp ¢ Ui KOTOPOTO
7 n n
qEp)<qEP").
Tem camMbIM MBI TIOJTHOCTBIO JOKa3ald, YT0 0ToOpaxkeHue g(.) MMeeT 3aMKHYTBIN Tpa-

buk.

[Tockonbky oTOOpakeHue g(.) UMeeT 3aMKHYTHINA TpaduK, BHITYKIO3HAYHO U 0TOOpa-
KaeT HEMyCTOe KOMIAKTHOE BBIIMYKJIOE MHOXECTBO S B cebs, 10 K HEMY MpUMEHUMa
TeopeMa KakyTaHu, 1 Cyl1ecTByeT HENIOABUKHAS TOUKA P € s

p < gp).
Jran 3.
[Tokaxkem, YTO HEMOABIKHAS TOYKA OTOOpaXkeHHs g(.) ABJISETCS BEKTOPOM LIEH PaB-

HOBECHSI.
HenoasmwxkHas Touka p oroOpaxkeHHs g(.) HE MOXXET MPUHAAJIECKATh TPAHUIE CHM-

—1, -1

IIeKca 1eH (SJ \S%; ). DTOT (hakT ciaexyeT U3 TOTo, YTO COTJIACHO OMPEACICHUIO g(p) s

1, J—1 —
peSJ \S pU BcexX ¢ € g(p) NOKHO OBITH BBIMOJHEHO paBeHCTBO ¢ - p = 0. Eciu Obl p

— — SJ—I\SJ—I J— — 2
€ g(p), rae pe ., TO MBI UIMeTH OB p - p = ||p || = 0. DTOMY YCIIOBHIO YIOBIETBOPSET
TOJIbKO TouKa p = (), He MpUHaAIeKAIAasi CUMILIEKCY LIEH.

Taxum o6pazom, p > 0 ¥ MOATOMY, KaK OBUIO OTMEUEHO MPH ONPEACTCHUH 0TOOpaxe-

Hus, E(p) = 0. ITokaxem 310 popMaibHO.



[Tpenmnonoxxum npotuBHOE. B cuny 3akona Banbpaca, eciiu E(p) #0u p > 0, To cy-
IECTBYIOT s U s” Takue, uto E'(p) > 0 u Ev’(l_)) < 0. Iockonwky p € g(p) u p > 0, T0 MO
OTIpeNIeIICHUIO g(p) IS II000TO0 ¢ € S OIKHO GBITH BBIIONHEHO PE(p) = qE(p). Onna-
K0, TaK Kak E°(p) > E°(p), TO JOCTATOYHO B3ATh CCAYIOLMil BeKTop ¢: ¢' =P + ', ¢ =
0, ¢"=p" k#s,s’, aro6s1 monyants pE(p) < gE(p). MBI IPUIIUTHA K IPOTHBOPEUHIO.

TeM camMbIM MBI JOKa3aJH CYLIECTBOBAHHE LIEH p, IPU KOTOPBIX M30BITOUHBIH CIIPOC

paBeH HYIIIO.
]

JlanHOE O0Ka3aTeabCTBO MOXKHO MPOMJLTIOCTPUPOBATH IPahUIECKH.

Ei(p1,1-p1)

y2)

c P

1
Ha nannoMm pucynke B — HemoaBmkHas Touka oToOpaxkeHus g(.). lanHoe oToOpa-
XKeHue orpeneneHo Ha cuMmiuiekce AC, u oroOpakaer Touku otpe3ka AB, 3a uckioue-
HueM Touku B, B Touky C, Touku otpeska BC, 3a uckiouenrem Touku B, — B Touky A,
a Touky B — B0 Bech cummiekc (otpe3ok AC).

Onwupasicr Ha ToKa3zaHHOE YTBEpXKICHHE 3, MOKHO TOKa3aTh, YTO B MOJEIIX 0OMeHa
IIPH HEIPEPBIBHOCTH, CTPOTOM BBIITYKIOCTH U CTPOrOM MOHOTOHHOCTH IPEAIIOYTECHUI
noTpeOuTeNneil paBHOBECHE CYILECTBYET, €CIIU COB0KYNHble HadallbHBIE 3aIachkl CTPOTO
HOJIOKUTENbHBI, T.€. Wy>0. JT0 yTBEep)KACHNUE OYEBUIHO, B CHUIY TOTO, 4TO (DYHKIUS

U30BITOYHOTO CIPOCa B MOJIEN 0OOMEHA MPH JaHHBIX YCIOBHUAX HA MPEANOYTEHUS ydacT-
HUKOB SIBJISIETCS HENPEPBIBHOM, OJHOPOIHON MEPBOU CTEIIEHU U YJOBJIETBOPSET 3aKOHY

—1
Banbpaca na s OrpaHM4YeHHOCTh U30BITOYHOTO CIIPOCa CHHU3Y CIEeIyeT U3 Toro ¢akxra,
YTO CIPOC YYACTHUKOB HEOTPULIATENICH M BBITOJHEHBI OaJaHCHI (B KAUeCTBE KOHCTAHTHI ¢

k
MOJKHO B3SITh /= —max;{®y}).



Jns Toro, 4yTOOBl MOJHOCTHIO MPOJEMOHCTPUPOBATH BBHIIIOJHEHHUE YCIOBUH YTBEp-
KACHUS 3 NI CiIydas HENPEPHIBHBIX, CTPOrO BBIMYKJIBIX M CTPOrO MOHOTOHHBIX IMpeEA-
MIOYTEHUH, OCTaJI0Ch MOKa3aTh BBHIIOJHEHUE MOCIEAHETO YCIOBHSI TEOPEMBL: €CIIU XOTS
Obl O/lHA M3 LIEH CTPEMHUTCS K HYJIO, TO M30BITOYHBIA CIIPOC XOTS OBl Ha OJHO OJaro
cTpemuTcs K 6eckoHeuHocTu. [TokaxkeM 310 popmanbHO.

~1
B cuny Toro, uto poe S u Wy >0, uMeeM, 4TO p0 ®y > 0. Takum 00pa3oM, CylecTBy-

eT motpebutens i, Takoit, uto p’ @ > 0. Ciemyrollee YTBEPKICHHE [OKA3HIBACT, UTO
CIPOC ATOTO MOTpeduTeNs, Mo KpaitHel Mepe, Ha OJJHO U3 OJar CTPEMHUTHCS K O€CKOHEU-
HOCTH 110 MEPE TOT0, KaK p" CTPEMHUTHCS K p°, T.c.
max; (x/(p")) = oo IpH n—>oo,
YTO M JOKA3bIBACT, UYTO
max; (EX(p")) — oo ipu n—seo.

YrBep:xnenue 4.

Iycts {p"t € § ' — nocnenoBaTenbHOCTS LeH, mpuaeM p'—> p° IIpH n—300, 1 CYIIECT-
ByeT O7aro k, Takoe 4To pg =0.

[Ipennonoxxum, 4To:

e [loTpebutens UMEET CTPOro MOHOTOHHBIE HETIPEPHIBHBIE MTPEANOUYTEHUS.

e HavayipHbIE 3amackl MOTPEOUTENST () TAKOBBI, YTO pom > 0.

Torna

max; (xX"(p")) — oo pu n—oo.

Hoxazamenvcmeo:

[Tpennonoxum npotuBHoe. IlycTh cmpoc moTpedutens Ha Bce TOBAaphbl, OTPaHUYEH,
T.€. CylecTByeT HekoTopoe uucio K, takoe, uro 0 < x(p) < K. B cuy Toro, 4ro 6ecko-
HCYHAasA MMOCJICAOBATCIIbHOCTh HA KOMITIAKTC UMCCT TOYKH CTr'ylHICHUA, HaﬁﬂeTCﬂ HCKOTOpas

n
HOAIOCIIEN0BATENLHOCTE {p }, TaKas, 4TO:
n —_
x(p)—Xx.
n
Tak kak x(p ) — ONTHUMAILHOE PEIICHHE 3aJa4M TOTPEOUTENS, a IPEANIOYTEHHS CTPO-
'O MOHOTOHHBI, TO TIPH II€HAX P BHIMOTHAETCA 3aKOH Banbpaca, T.e.
n N
pxp)=po.
0= _ 0 0
ITepexons B 3TOM TOXKIECTBE K Ipelely, Noaydum, p X = p . Ilycts p, = 0. Torna B
o v = k —
CUJIy CTPOTO MOHOTOHHOCTHU TPEINOUYTEHUN X + Ge > X, I/ie G — HEKOTOPOe CTPOTO
MOJIOKUTEIBLHOE YMCI0. B chily TOro, 9TO MpeAnoyYTeHus MOTpeOuTeNell HeNPEPhIBHBI,
. s = o = k A
HaieTcs Takoe 8>0, 4To X > X, Te X =X + Oe’ — 0¢’, a s — HOMep ToBapa, Ik KOTOPO-
0
ro ps > 0. O4eBUIHO TaKXKe, YTO
0~ _ 0= 0 8 0_ 0= 6 0 0—
PX=pXTOpy —Op;=pX—0p; <pX.
B cuny HenmpepbIBHOCTH OTHOIICHHS TIPEIIOYTEHUS UMEEM, UTO CYIIecTByeT N Takoe,
A n
9TO 1718 Kaxaoro [ >N x=x(p ).
Tak kak p" — p° u x(p")— X, T0
. n n A — A
lim p"(x(p") —%) = p’(x — %) > 0.




W3 onpeneneHus npenaena cienyer, 4To HaiaeTcs ynucio M takoe, 4To sl Kaxaoro /
GonpInero M crpaBemuBo, uto p (x(p") —X) > 0, T.e.
px(p") >p'x
Takum 06pa3oM, MbI TIOMYYHIIH, 4TO TipH [ > max {M, N} Habop X CTpPOro Jydiie Ha-
6opa x(p") 1 pu 3TOM cTONT memieBne. TeM caMbIM MbI OTYYHIN IPOTHBOPEUHE C OI-
TUMAILHOCTBIO Habopa x(p ). Takum o6pasom, He cymectByeT K Takoro, uto 0 <x(p) <

K, 1.e. max; (xi(p")) — oo pu n—>eo.
|

Pestomupys mpojenaHHbIe BBINIE PacCyXACHUs, CHOPMYIUPYEM YTBEPIKACHUE O CY-
IIIECTBOBAHWHU PaBHOBECHS B YKOHOMHUKE 0OMeHa Mpu OoJiee caadbIx, YeM paHee, Mpeo-
JIOXKCHHUSX.

YT1Bep:kaenue S.
Ecnu B s5x0oHOMHKE 0OMEHa MPEOUYTEeHUsI YUaCTHUKOB JIOKAIbHO HEHACHIIIAEMbI, He-

MPEPBIBHBI U CTPOTO BBIIMYKJIbI, @ COBOKYIIHBIC HAYaJIbHBIC 3aI1aChl MMOJIOKXUTCIIbHBI (O)Z

>(), TO paBHOBECHE CYIIIECTBYET.

B curyanuu, Korma npennoyTeHus He SBISIOTCS CTPOro0 MOHOTOHHBIMH (M B 4aCTHO-
CTH, €CJIM COOTBETCTBYIOIIEE OTOOpaKeHHE M3OBITOYHOTO cripoca E(p) HE sSBIsSETCS OT-
PaHWYCHHBIM CHH3Y), MBI MOXXEM BOCITIOJIb30BAThCS CICAYIOIIUM YTBEPKICHHEM, yCTa-
HABJIMBAIOIIMM YCJIOBUS CYIIECTBOBAaHHS paBHOBECHUS B Mojein Jppoy-Lledpe.

BBenem cHauana ciieayroliee BCIIoMOTraTeIbHOE MTOHSTHE.

Onpenenenue 8.
Cocrosnue (p, X, y) = {p; (X )icr; (¥ ))jes} 2koOHOMUKH Dppoy-Jlebpe
E= =i, (Yjes; (@) ie 1; (Vi) i 1,jes}
HasbiBaeTcs KBA3NPABHOBECUEM, eciii BEITIOIHAIOTCA CIEAYIOLINAE YCIOBUA:
1. st Ka)Ka0ro moTpeOUTENSI X; YIOBIETBOPSIET YCIOBHUAM
-X; € X,
-px;< Bip, y),
- X; ¥ HE XyXe, 4eM JII000# npyroil Habop X;€ X;, KOTOPBIN CTOUT (B paBHOBECHBIX
IieHax p) aemesie, ueM BAp, y).
2. y; MaKCUMHU3UPYET NPHOBLIb j-TO MPOU3BOAUTENSA NPH LEHAX p, T.€. PELIAET Cle-
TYIOIIYIO 3a/1a4y:
py; — min
Y€ Y.
3. BreinonHeHBI oTyOaIaHCHhl:
<Yy +tya Vk
J i

1




3aM€TI/IM, 4TO KOorjga npcArnovYTCHUA ti JIOKAJIbHO HCHACBIIACMbI, BEKTOP )_Cl', YAOBJIC-
TBOPSIIOIIMM yCIIOBUIO | ompeneneHusl KBa3MpaBHOBECHS, MMUHMMM3UPYET 3aTpaThl (B
PaBHOBECHBIX LI€HAX p) HA JOCTIKEHHE YPOBHS 0JarocOCTOSIHUA, OTPEACTIEMOTO BEKTO-
POM X;, T.€. pELIaeT CIEAYIONIYIO 3a/1auy

P X; — min
X; =i Xi,
a JIIsl KaXKJA0T0 MOTPEOUTENS BBIMIOTHEHO COOTHOIIICHHE:
pX; = _Yypy; +pw; Vi.
J

(dokaxkure 3T0.)

VYcnoBus CyliecTBOBaHUSI KBAa3MPABHOBECHS OKAa3bIBAIOTCA OCOOEHHO TMPOCTHIMHU U
ONKMCHIBAIOTCS B MPUBEACHHOM HIDKE YTBepKIeHHH 6. C npyroid CTOPOHBI COCTOSIHHUE
KBa3UPAaBHOBECUS SIBIISICTCS MPU HEKOTOPHIX MPEANONOKEHHUSIX O MPEANOYTEHUSX CO-
cTossHMEeM paBHoOBecHs. [losToMmy mpencraBisieTcs ynoOHBIM BHayalle YCTaHOBUTH YCIIO-
BUS CYIIECTBOBAHUS KBa3WPaBHOBECHsS, a 3aT€M HCIOJIb30BaTh UX BMECTE C JOIOJIHHU-

TCJIIBHBIMU ITPCAIIOJIOXKECHUAMHU, I NOKA3aTCIbCTBAa CYIHICCTBOBAHUSA PABHOBECHUA B KOH-
KPCETHBIX MOACIIAX D9KOHOMUKH.

YT1Bep:kaenue 6.
[Ipennonoxxum, 4To:

DZ=0Q Y+ Za),-) N R. HemycTo, 3aMKHYTO U OrpaHUHEHO, (T.€. CywecTByeT N Ta-

KO€, YTO €CJIU Z € Z, TO A< N k=1,..,0D.

2) IlpennoyteHus: >; BBINYKJIbl, HEIPEPHIBHBI U JIOKAJbHO HEHACHIIIAeMbl, X; — BBI-
MyKJIOE 3aMKHYTO€ MHOXeCTBO, 0 € X;, ;= 0,i=1,...,n.

3) ¥, — Bemyxiioe MmHOkectBOu 0 € YV, j=1,...,m.

Tornma B 3TOM 3KOHOMUKE CYILIECTBYET KBa3UPABHOBECHE.

okazamenbcmeo:
Kak u B mpenpinymux 10Ka3aTelbcTBaX, MbI OyIeM UCKaTh KBa3HPAaBHOBECHE KaK He-
MOJIBIKHYIO TOYKY HEKOTOPOTO CHEIHAbHBIM 00pa3oM CKOHCTPYMPOBAHHOTO OTOOpa-

m n
A A 71
xenus u3 MHOkectBa © = [ [X; x [T, x S B ce6s. 3nech
i-1 =1

i = {x,-e Ri ’ X <N+€},
7= ye 1| lyl< N+el,
ST =1{p=0| X pr =1},
3aMeTI/IM, YTO KaXJI0€C U3 3TUX MHOXKCCTB HCITYCTO, 3aMKHYTO W OIr'paHUYCHO, ITIO3TOMY
UX Npou3BeJeHUE © TOXKE HEMYCTO, 3aAMKHYTO U OTPaHUYEHO.
Omnpenennm otoOpaxkenue g(.): © — O ciaenyromum 0d6pa3zom:

8(0) = ggxi(e) X ggyj(e) x 8p(6).

I'me koMmoHEeHTHI 0TOOpakeHHS g(.) ONIPEACIISIOTCS CISAYIONUM 00pa3oM:

2:(0) = {x/ € X;| px/ < Bup, y), x/=x/" ¥ x{" € Xi: px{’ < Bi(p, y)},
Tae




Bilp, y) = max{0, >_;vypy;} + pon,
£y(0) =€ Y;lpy/ > py/” Vy/ € Vji,
O = eS| @-p)Xxi-Ly,-Xa)=0Vp eSS}
3amMeTuM, YTO TaKoe OIpEACICHUE 61(j)n>1<eTa rapaHTUPyeT HEMYCTOTY OOKETHOTO
MHOXecTBa {X{ € X; | px/ < Bdp, ¥)} Tp¥ TOOBIX EHAX p ¥ MPOU3BOACTBEHHBIX ITAHAX
Y- B
[Tycts O = {X, y, p} — HenoJBWXHas TOUYKa OTOOpaxkeHus g(.), T.e.
0 < g(0).
JlokaseM, 4To @ sBISETCS KBA3UPAaBHOBECHEM PACCMATPUBAEMON SKOHOMHKH.
ITockonbKy KaXKIblii IPOM3BOACTBEHHBIN IUIaH y; MAKCUMU3UPYET NPUOBUIL IIPH 1ie-

Hax pu 0 € Y;, 10 py; > 0 mnostomy Bi(p, y) = 2., Vi y; + P
Janee, o onpeaeneHN0 MHOXKECTBA gy(0) Habop X; He Xyxe Jarboro Habopa x; € Xj,
YIOBIICTBOPSIIONIETO CTPOTOMY OTPaHUUCHUIO pX;< BAp.y), MOITOMY M3 JOKAIBHON He-

HACBIAEMOCTH P X; = Bip.y) = D_;Y;py; + poy (CM. aHanorn4Hble paccyxkaenus B Yactu
1).

CH0XHB 3TH paBEHCTBA 110 BCEM MOTPEOUTEIISAM, MOTYIHM, YTO JJIsI SKOHOMHKH B IIe-
JIOM BBITIOJTHEHO COOTHOILICHHE:

P2Xi=pd.y; tpl o
i J i
[TokaskeM Tenepb, YTO BHINOJIHAIOTCSA OalaHCOBBIE COOTHOLICHHS
DXi—> y—-2 <0
i J i

JleiicTBUTENBHO, €CU XOTA Obl OJHa M3 KOMIIOHEHT JAaHHOTO BEKTOpa OblIa MOJI0XKHU-
TeTbHA, TO TOJOKUTETHHON ObLIa OB U CTOUMOCTH JAe(PHUIINTa — BETUYHHA P O _xi— Zﬁj
—>_ @) (HOCKOIBKY IIEHBI P, BHIOPaHBI IIEHOOOPA3YIOIMM OPraHOM TaK, YTO0bI MAKCHMH-
3UpOBATh 3Ty BEIWYMHY). HO MBI TONBKO YTO JOKa3ald, YTO JaHHAs BEIMYMHA paBHA
HYIIIO.

Ocraercs moka3aTh, YTO KOJMYECTBEHHBIC OTPAHUYCHUS B YCIOBUSX, ONPEIACIISIONINX
0TOOpaKEeHUs gyi(.) U Zyj(.) HECYLIECTBEHHBI, B TO CMBICIIE, YTO PEIIEHHs COOTBETCTBYIO-
IIMX 33]a9 TOTPEOUTENsT ¥ MPOU3BOAUTENS OJHU U TE K€, KaK MPU HAIUYHH OTpaHUYE-
1305071

Xxi<N+e, |y| < N+teg,
TaK U IPH UX OTCYTCTBUHU.

[TycTh 3TO HE Tak, U CYIIECTBYET, HAIPUMED, TaKoi HAbOp X; € X;, uto px; < BAp.y) u
)2?,' b-)_c,- .

[TocKONBbKY BBITTOJTHSIOTCS COOTHOLICHHUS

DX <yt <N,
i j i

—k
TO JOIMMOJIHUTCIILHOC KOJIMYCCTBCHHOC OIrPaHUYICHUC B TOYKE X ; JOJIPKHO OBITH BEITIOJTHCHO
KaK CTpOroc¢ HCPaBCHCTBO:

—k
xi<N+8.



Ha otpeske, CoeUHSIONIEM X; U X;, Haiiaercs Habop X;” (0CTaTOYHO OIHM3KHI K X;),
takoi uto px; < BAp.y)u x/< N+ €. IIOCKOIBKY OTHOWICHHE >; BBIIYKIIO, TO X; >;X;, @ 3TO
TIPOTHBOPEYUT TOMY, UTO X; € Z1i(0).

IToxoxkHuM 00pa3oM J10Ka3bIBAETCs, YTO y; NIPU 1IEHAX p MAKCUMM3HUPYET MPUOBLIL HA
BCEM MHOXECTBE V).

Takum 06pa3oM, O IeHCTBUTENBHO ABISETCS KBA3UPABHOBECHEM.

Jlist moka3aTenbCcTBa TEOPEMBI OCTANIOCh TIPOBEPHUTH, YTO MOCTPOCHHOE OTOOpaKeHHE
MHOKecTBa © B ceOst UMeeT 3aMKHYTBIA rpaduK, YTO YCTAHABIUBACTCS PACCYXKICHUIMH,
AQHAJIOTMYHBIMHU YK€ IpojeaHHbIM paHee (B HacTsx 1, 2).

|

JlaHHOE yTBEp KACHUE rapaHTUPYET CYIIECTBOBAHHE PABHOBECHS B MOJIEJIM OOMEHA C
BBIITYKJIBIMH, JIOKQJIbHO HEHACBHIIIAEMBIMA U HENIPEPBIBHBIMU NPEAIIOYTCHUSMU B CIIyda-
AX, KOrJja HayaJIbHbIC 3aI1achl KaKJOI'0 YYaCTHHKA CTPOrO IOJIOKUTENbHBL. Eciu mpen-
IIOYTEHMs YYACTHUKOB CTPOrO MOHOTOHHBI, TO JJI1 CYLIECTBOBAaHUS PABHOBECHUS JIOCTa-
TOYHO IIOJIOXKUTEIBHOCTH CYMMApHBIX HAadaJIbHBIX 3amacoB. M, HakoHeN, B CUTyallUH C
JICOHTHEBCKUMU IIPEANOYTCHUSMH, KBa3UPAaBHOBECHE BCErAA SBIIICTCS PAaBHOBECHEM.
(ITpoBepKy BBINIOJHEHUS YCIOBUN TEOPEMBI CYLIECTBOBAHUSA B KaXKIOM H3 ITHX TPEX
CJIydaeB OCTABJISIEM YUTATENIO B KAUECTBE YIIPaKHEHNUS).

Tecmbl u 3a0auu 013 CAMOCMOAMETbHOZ0 PEULCHUS

1. Ilycte B Mofenn 0OMEHa MPEeANnouTeHU NOTPeOUTENeH U UX HAavYaJbHBIE 3arachkl COB-
najaoT.

["apaHTHpyeT 1M BBIMYKJIOCTh NPEANOUYTEHUI CYLIECTBOBAHUE PaBHOBECUA? APryMEeHTH-
pYHTE CBOM OTBET.

2. Ilyctb B Mogenu oOMeHa MpeAnoYTEeHHUS TOTpeOUTENeH 1 UX HaYalIbHbIE 3aIachl
COBIIAIAIOT.

I'apanTHpyeT U BBIMYKJIOCTD IPEANIOYTEHUN €JUHCTBEHHOCTh PaBHOBECUS

(ecu oHO cymiecTByeT)? ApryMEHTUPYHUTE CBOM OTBET.

3. Ilycte B MOgenu oOMeHa MpeanoyTeHus: MOTpeOuTeNel 1 uX HadalbHbIE 3arachl COB-
najaroT. ['apaHTupyeT Jn cTporasi BBITYKJIOCTh IIPEANIOYTEHUN €AMHCTBEHHOCTh PABHO-
Becus (€CIIM OHO CYILECTBYET)? ApryMEHTUPYHUTE CBOIl OTBET.

4. Ilyctp B MozienM OOMEHA MPEANOYTEHHUs MOTpeOuTeNIel U MX HayallbHbIE 3alachl COB-
MajaroT.

["apanTHpyeT Jn cTporas BBITYKJIOCTh NPEANOYTEHUH CyIIECTBOBaHNUE paBHOBecUs? Ap-
T'YMEHTUPYUTE CBOU OTBET.

5. IlpeanonoxuM, 9To MPEATOYTCHHS MOTPEOUTENeH U X HaYaIbHBIC 3aMachl COBIAIA-
0T, & COBOKYITHOE MPOU3BOJICTBEHHOE MHOKECTBO COJIEPKUT HYJIEBOM BEKTOP UHMCTBIX



BBIITYCKOB. ['apaHTUPyeT JIM CTpOrasi BBITYKJIOCTh MPEANOYTEHUI TOT (akT, YTO paBHO-
BECHBIE paclpe/iesieHus (€C/IN CYLIECTBYIOT) COBMAJAIOT ¢ HAYaJbHBIMU 3anacamMu? Ap-
T'YMEHTUPYUTE CBOU OTBET.

6. I[lycte B Mogenu oOMeHa MpeanoyTeHus: MOTpeOuTeNel 1 X HadalbHbIE 3a1achl COB-
NajaloT U CoJepkKar Bce Oylara B MOJIOKUTENFHOM KoJIM4yecTBe. byneT nm paBHOBECHOE
pacnpezneneHue (€ciau CyLIECTBYET) COBNAAATh ¢ HAYaJIbHBIMU 3amacamMu? AprymMeHTH-
pYHTE CBOM OTBET.

7. HamoMHMM, 9TO B SKOHOMHKE pacmlpeneiieHus (B OTIMYUE OT 3KOHOMUKH OOMEHa)

3a71aeTCs BEKTOP COBOKYIHBIX Ha4YaJbHBIX 3aI1acOB MWy M J0XOJ R; KaKI0ro MoTpeOuTes,
T.C.
E={(X;, ui(.))ie 1; Oy, (R)) ie 1}
[Ton (oOmM) paBHOBECHEM B SKOHOMHUKE paclpeesieHus Mbl Oy/ieM IOHUMATh Hapy
{p, x}={p, {Xi} ic 1}, TAKYIO, YTO:
!
—pPE R+,
— KaXXIBIl BEKTOP X ; SIBIISICTCS PEIICHUEM 3a]1a9y MOTPEOUTENS P [IEHAaX P, T.C.
X € argmax, . p.. @) UilX0),
rae Bi(p,R) = {xeXi|pxi<R;}.
— BBINOJIHEHBI TIOTyOaIaHCHl 1o OyiaraM, T.e. Vk BBIIIOTHEHO

X< Yo
—PpOg=> R

[Toka3aThb, 4TO B PKOHOMMKE paclpejie]ieHus ¢ ABYyMs OnaraMu U JAByMsl y4aCTHHKAMH,
TpeTOoYTEHNs KOTOPBIX OMUCHIBAIOTCS CIEAYIOIMMU (QYHKIUAMHU MOJIE3HOCTH
ui(X11, X12) = min{Xy, X12}, 2(X21, X22) = X22

HE CYILECTBYET paBHOBecus NpH Ry =1, R, =0, u wy = (2, 1).

8. [Toka3aTh, YTO B 9KOHOMUKE OOMEHA C IByMs OJIaraMu M IBYMSI Y9aCTHHUKAMH,
OTIHCHIBAEMBIMH CIICAYIOIIUMH (PYHKIHSIMH MOJIE3HOCTH

u1(X11, X12) = X11, ur(X21, X22) = X22,

HE cyliecTByeT paBHoBecus mpu @ =(1, 1), oy =(0, 1).

9. Iloka3ath, YTO B IKOHOMHKE PACIPEACIICHUS, COCTOAIIECH U3 3 YJaCTHUKOB U JIBYX TO-
BapOB, CIIPOC TPETHET0 YYaCTHUKA B OKPECTHOCTH TOYKM paBHOBecHs obOnamaeT 3¢ dek-
toM ['uddena. LleneBbie PyHKIIMN yIaCTHUKOB UMEIOT BHU/I;

ui(X11, X12) = Xi1,

u2(X21, X22) = X22,

u3(X31, X32) = 28x31 + 28x3, — 2X31 — 3X31X32— 2X 0.



B sxoHOMUKE 00IIME 3amackl TOBApOB MPEICTABICHBI BEKTOPOM ® = (4, 4), a 1eHexX-
HBIE PECYPChI YUaCTHUKOB paBHbI 4, 12 1 12 1eHEeXHBIX €IUHUL] COOTBETCTBEHHO.

10. PaccMoTpuM 3KOHOMHKY OOMEHa ¢ ABYMs TOBapaMy M TpeMs MOTpeOUuTeNIs MU, KOTO-
pble UMEIOT ClIeAyIoIure (PYHKIUH MTOJIE3HOCTH M HaYaJbHBIC 3aMachl.

w(x1, y) =x1 +/yi = (1,2)

uz(Xz, YQ) =min {Xz, YQ} o = (3, 4)

u3(X39 Y3) A eX3 w3 = (1’ 1)

HaiinuTte QpyHKIIMM cripoca y4acTHUKOB, OMUIINTE X cBoicTBa. Haiinute paBHOBecHe
B 9TON YKOHOMHKE.

11. PaccMOTpUM 3KOHOMHKY OOMEHA C IByMs TOBapaMH U IBYMs IMOTPEOUTENAMHU, KOTO-
pble UMEIOT ClIeAyIoIue (PYHKIUH MOJIE3HOCTH M HadaJbHBIE 3aMachl.

1 (12} 1
wmx,y)==-17-37)5,2 o = (1, 0),
12¥ 1 1
ur(Xa, Y2):—(ﬁ)?—? o = (0, 1).

Haiinute paBHOBecue B 3TOM 3kOHOMUKE. ENMHCTBEHHO JIK OHO?

12. Ilycth QyHKIMS U30BITOYHOTO CIIPOCA UMEET BU]]
P2 2
Ev(p1, p2) =— Exp1, p2) =—
(pr.p2) == pr.p2) ==
SBaseTcs 1u OHa OHOPOIAHOMN?
SBasieTcst 1M OHa HENpPEPBIBHON ?
MosxeT 1 ObITh (GyHKIUEH U30BITOYHOTO CIIpOca Il HEKOTOPOil SKOHOMUKHU ?

13. Ilycth pyHKIIMS U30BITOYHOTO CIIPOCA UMEET BH/T
pa pb
E(p)= b- a.
pP®  pO
SBnsercst nu oHa OJHOPOAHOM? SIBisieTcst M OHAa HempepblBHOM? BrinosHsgercs yn
JU1s1 Hee 3akoH Banbpaca?

14. Ilyctb ¢yHKIMU U30BITOYHOTO CIIPOCA HA MEPBBIC 1BA TOBapa B TPEXTOBAPHOM JKO-
HOMUKE UMEIOT BU]
E\(p) =—pi/ps+ pr/p; +1 u Ex(p) =pi/ps — 2pa/ps 2.
HaiinuTe n30bITOUHBIN CIPOC HA TPETUH TOBAp.
MosxeT 1 ObITh (PYHKIUEH U30BITOYHOTO CIIpOca Il HEKOTOPOil SKOHOMUKHU ?

15. IlycTh 5KOHOMHKA COCTOMT U3 IBYX MOTpeOUTENEH, M B HEl 00paIaioTces Ba ToBapa.
OYHKIUH TTOJIE3HOCTH OTPEOUTENCH UMEIOT BH/T
o lo _ B 1P
ui(X1,y1) =X1 yi u Ux(X2,¥2) =X2 Y2 -
[ToTpebutenu obnagar0T HaAYATBHBIMHE 3allaCaMU B pa3Mepe
o; = (a,b) u o, = (c,d).



Halinure paBHOBECHBIE LIEHBI U CIIPOC y4aCTHUKOB. Haiinure 1one3HoCTH y4aCTHUKOB B
TOYKE paBHOBeCHs Kak (DyHKIIMU ITapaMeTpoB a, b, ¢, d.

16. Boruncnure KBa3UupaBHOBECHS B CIEAYIOIIEH MOJIeTd OOMEeHa:
B skoHOMEKE ecTh TOJBKO JBa Onara (/=2), GpyHKIHMM IMOJIE3HOCTH YYACTHUKOB Vi

UMEOT BUL
1 2 1 2
uixi, x;) = ‘\/x,- + ‘\/xi,

a HavyaJIbHbIE 3anackl paBHbl @ = (0, 1).
OCHOBHbI€e NoJ1I0)XeHUs1 3KOHOMUKU 671a20COCMOsIHUS

BeezneM B paccMOTpeHHE MHOKECTBO ((DU3UUECKH) TOMYCTUMBIX COCTOSHUI D(Wy):

D(wz) ={(x, )| >oxi< X yitoy, x=0, ye )}
iel  jeJ
3aeck U jfanee nox (x, y) MOHUMAETCs (X, ..., Xy Vi, ..., Ym). @y 0003HAUaeT oOuue

HaYaJIbHBIE 3aI1achl OJ1ar B DKOHOMHUKE.

Onpenenenue 9. I'0BOPAT, YTO JOMYCTUMOE COCTOSIHUE SKOHOMHKH {X, y} CTPOro
AOMUHUPYET (o [Tapero) cocTosHue {x, y}, €Ciu X; >=; X; A7 JII0OOro NOTPeOUTEN i.

Onpenenenne 10. Topopsat, uTo Touka {X, y} npuHamtexur CIlabon rpaHuue

[MapeTo (WP), ecnu He cymecTByeT CTPOro JOMMHHUPYIOIIEH ee JOMyCTUMOM TOUKH,
T.€.

WP = {(%, p)e D(ay) | # (x,y)e D(wg) :xi =% Viel }

/- v

Onpenenenue 11. T0oBOPAT, YTO TOMYCTUMOE COCTOSIHUE SKOHOMUKHU {X1, ..., X} V1,
ey Ymy AOMUHUNPYET (1o IlapeTo) apyroe AOMyCTUMOE COCTOSIHHE {X1, ..., Xn; V1, .-

Ym}, €CIU X; >; X; IJI TI0OOTO TTOTPEOUTENS [ M CYIIECTBYET ip TAKOU, UTO X;, >, X, .

Onpenenenne 12. JJonycTUMYIO TOUKY {X1, ..., Xu; V1, ..., Y} HazbiBatoT [lapeTo-

ONTUMalnbHbIM cOoCTOSTHUEM 3KOHOMHUKH, €CIIM HE CYIIECTBYET JOMUHHUPYIOIIECH €e
JIPpyroml JomycTUMOM TO4YkH. MHOxkecTBO [lapeTo-onTuManbHBIX COCTOSHUI Ha3bIBAIOT

(cubHOl) FPAHULEN [TapeTo (P):
P={(x,p)e D(wy) | P (x,y)e D(oy): xi =x; Viel, Fiel x, > X}

YrBepxaenue 7.
1) Ecnu mpeamnouyTeHus: KaXIOoro y4aCTHHUKA CTPOrO MOHOTOHHBI M HENPEPBIBHBI, TO
cuibHas rpanuna [lapero coBmanaer co cnaboit: P = WP.




2
2) Eci mpeaouTeHus KaXa0ro y4aCTHHUKA IOIYCTPOrO MOHOTOHHBI U HENIPEPBIBHBI, TO
BCE TOYKU CUJIBHOM rpaHullbl Ilapero, KOMIIOHEHTHI KOTOPBIX CTPOTO IOJIOKUTEIIbHBI,
TaKXe MpHHaIexKaT U ciaadoii rpanuie [apero.

Loxkazamenvcmeo:

1) OyeBunHO, uTO MO ompeneneHuro rpanuibl [lapero P u cnaboit rpanuis! [lapeto
WP umeem BiitoueHue P < WP. Takum oO6pazoM HaMm ocTaetcs Mmokaszath, 4to WP C
‘P. IlycTh 3TO HE Tak, T.€. CYLIECTBYET JOMYCTUMOE pactipeaesieHue (x,y) € WPu (x, y)
¢ P. Ilo ompenenenuto rpanuilsl [lapeto cymecTByer Apyroe AOMYCTHMOE pacipenere-

HUE (X, y) Tako, uto X;>; x; V ielu 3 ivel X; >, X ;. 3ameTum, uto X;, # 0,T. € cymiect-
o ~ o o 1
ByeT k Takol, 4to X; > 0. ( [Io cBOMCTBY CTpOroii MOHOTOHHOCTH HE CYIIECTBYET g € R+

takoro, uto 0 > z.) [Iycts € — BeKTOp, T1Ie HAa MecTe k cTOUT 1, a Ha ocTanbHBIX MecTax ().

PaccmoTrpumM Teneps nepepacrpeesieHue

) |
X;(n) =x;, — €

. 1
xin)=x,+ ——~e Vi#i
() =%; n(n—1) 0
[To cBO#CTBY CTPOTOif MOHOTOHHOCTH, UMeeM X (1) > ; X{(n) Vi # iy Vn, oTMeTHM, YTO

10 CBOMCTBY HENPEPBIBHOCTH IIPEANIOYTEHUN HANAETCS TaKoe n' TaKoe, 4To 5c,-0(n*) iy Xiy-
Takum 00pa3oM, MbI HAIILIK JOIMYCTUMOE pachpesesicHue (X, ) KOTOpoe CTPOro JOMH-
HUPYET TOIMYCTHMOE pacIpeleieHue (X, y), 4ero ObITh HE MOXET, TaK (X, y) MpUHAIIe-
XKUT citaboii rpanuue Ilapero.

2) Jloka3aTenbCTBO 3TOT0 YTBEPKIACHHS OCTaBIISIETCS B KAUECTBE YIIPAKHEHUS.

|

Yr1Bep:kaenue 8. (Ilepas Teopema 61arococTosTHUS)

BanbpacoBckoe paBHOBecue (X, y, p) Bceraa NpuHauIexkuT cnaboit rpanune [lapero
(x,y) e WP.

BanbpacoBckoe paBHOBecue (X, y, p) IPU YCIOBUH JIOKAJbHOW HEHACHIIIAEMOCTH
IIPEIIIOYTEHUH BCerja MpUHAIIEKUT cuibHOM rpanuue Iapero: (x, y) € P.

okazamenbcmeo:

1. Drta yacTh TeOpeMbl AOKA3bIBAECTCA MO aHAJIOTHMU CO 2-i YaCThIO M OCTaBISAETCS B
KaueCTBE YIPAKHEHUS.

2. lIpeanonoxum, uto (X, y) ¢ P. Torna cymecTByer 10MyCTUMOE COCTOSIHUE YKOHO-

MUKH (X, J'), TAKOE UTO X; >; X;Vi U CYIIECTBYET NOTPEOUTENH i), TAKOH UTO X;, >, X
[TockONbKY X;, >, Xi, TO PX;> PX;, TOCKOJIBKY X; — PEIICHHE 3aJauu MOTPEOUTEs,
4ero He MOTJI0 ObI OBITh, eci OB HA0Op X;, ObUT JOMYCTUMBIM.
[Tokaxkem Teneps, UTO U3 X; >=; X;Vi CIEIYyeT, yTO pX; > pX;. IIycTh 3TO HE Tak U AJsA
HEKOTOpOro moTpedutens i pX; < px;. CylmecTByeT TOCTaTOYHO Mayasi OKPECTHOCTh TOY-
KH X;, JUISl TOUYEK KOTOPOM BCE €Ille BBIMOJHEHO px; < pX;. 1o moKalbHO! HEHACKIIaeMO-

2 HpeZ[HO‘ITGHI/Iﬂ HA3bIBAKOTCA MOJYCTPOrO MOHOTOHHBIMH, €CJIA U3 X>y CICAYET, UTO X > ).




CTH B 3TOW OKPECTHOCTH CYIIECTBYET HAOOP X;, TAKOW YTO X; >; X;. DTO MPOTHBOPEUUT
TOMY, YTO X;— ONTUMYM B 3a/1a4e MOTPeOUTEIs.
ITpocyMMupyem NoIy4eHHbIE HEPABEHCTBA 110 BCEM i:
Z;pfi> Z;pfzu
[TockonbKy y,; MaKCUMH3UPYET NPpUOBLTL HA Y;, TO py ;> py,. [Ipocymmupyem 31U He-
PaBEHCTBA I10 BCEM j:
d.,Py; > PV
[Tpu nokanbHOI HEHACHIIIAEMOCTH BBIMIOJIHEH 3aKoH Banbpaca (0101KeTHOE OTrpaHu-
YEeHHUE BBIXOAMT Ha PaBEHCTBO). Tak Kak X; — pelIeHne 3a7auu MoTpeOUTeNs, TO:
PXi=pw+ Vi py,
[TpocymMmMHpOBaB 1O BCEM MOTPEOUTEINIAM, TTOTYIUM
DipXi=d (Pt Y py) = 2ip@it D QL) Py, =
=2 p@i+ >, py;
B pesynbraTe mosyduM HEN04YKy COOTHOLICHUN
DUiPXi> D pXi=D_ pot D py; =i poit D, py.
C nmpyroii CTOpOHBI, COCTOSIHUE (X, ¥) MOMYCTHMO H BBIMIOJTHEHBI MaTepHalbHbIC Oa-
JIaHCBI:
DX < it P
JIoMHOXMB Ha (HEOTpULIATENbHBIE) IEHBI, TIOTYIUM
D ipXi <D i poit > pY.
[Tosryunnu npotusopeuune. 3Hauur, (x, y) € P.
|

Yr1Bepxkaenue 9. (Bropas Teopema 61arococTosTHUS)

[IycTh mpeamoyTeHus MOTPeOUTENEH BBIMTYKIIbI, HEMPEPHIBHBI M JOKAILHO HEHACHI-
IIAEMBI, TEXHOJIOTHUECKUE MHOKECTBA KaXKI0TO POU3BOJUTENS BBITYKIBI M [0 KpaHen
Mepe OJIHO YIOBIETBOPSIET CBOMCTBY CBOOOIBI PACXOJOBAHUSL.

Torma eciu (X, p) — ontuMansHoe 1o ITapeTo cocTosHue u X; > 0 Vi, TO CyIECTBYIOT
IIEHBI p, TAKUE 4YTO (X, p, p) ABJIAETCA paBHOBECHEM Baibpaca mpu HEKOTOPOM pacrpese-

JICHUH COOCTBEHHOCTH @) U ;.

okazamenbcmeo:
BBenem psn 0003Ha4YeHHM KOTOpbIE HaM MOHAAO0OATCS B JaJIbHEHWIIEM IS JOKa3a-
TEIBCTBA ATOTO YTBEPKICHUSI.
O603HaUMM MHOXECTBO JIYUIIUX YEM X; TOUEK (1715 HOTpeOUTENs i) uepes
LtJr(.)%,) = {x,- >0 |x,- >',')2,' }
[TockonpKy mpenrnodTeHus: mMOoTpeOuTeIeH BBIMYKIBI, TO, KaK HECJIOXHO TOKa3aTh,

LT()?:,-) TaK>Ke BBITYKJIBI U, 3HAYUT, UX CyMMa
L"®) =L &)= {2 | x> 0,x-,; %}
BbINlyKJ1a. Kpome Toro, LT()?,-) HEIYCTHI 10 JIOKAJIbHOM HEHACHIIAEMOCTH, 3HAYUT U
L™ (%) memycro.
MHoxecTBO




Ystop=>,Y,Tox={>y,tos | ye ¥V}

TOXE ABJISACTCA BBIIMYKJIBIM B CHUJIY BBITYKJIOCTH TCXHOJOTMYECKHX MHOXKCECTB M HEITYC-

TBIM, TaK Kak eMy TIPHHA/UIEKUT TOUKa ) ;y; + Wy.

TTockombKy (X, §) — omrimym Ilapero, To MHOXkecTBa L (X) u Yy + My He HMEOT
00X TOYEK:
L'®NIs+ox)=0.
[Ipeamnonoxum, 4TO CyIIECTBYET 0OIIasi TOUKA ZE L++(fc) u ze Yy + oy. D10 03HAYANIO
OBI, UTO CYIIECTBYET COCTOSHHE YKOHOMUKH (X, y), TaKOe uTO X; € X, X; =, X; Vi, y, € Y,

Vi, Y ixi=zu Yy, + @y =z TeM caMbIM MbI HAILTH ObI TOMYCTUMOE COCTOSHHE DKO-

HOMUKH, KOTOPOE JIOMHHHPYET onTuMalbHoe 1o [Tapeto cocrosiHue (X, y), 4ero ObITh HE
MOXET.

++, A
[Tockonbky MHOkecTBa L (x) M Yy + @y BBINYKIIBI, HEMYCTHI U HE IIEPECEKAIOTCA, K

i
HUM IIpUMEHHMa Teopema 00 otaenumoctu. [losTomy cymectByer Bektop pe R, p#0 u
yucio re€ R, Takue 4To

pz>r,ecmze L (%)

pz<r,ecmuze Yy + @y.

[TycTh X — Takoil HAGOp JOMYCTHMBIX MOTPEOUTENBCKUX HAOOPOB, UTO X; > ; X; Vi.
[TokaxeM, 4To pY_; X; > 7.

W3 nokanbHON HEHACHIIIAEMOCTH >; CIIEAYET, YTO IS JF0OO0T0 HATYpAIbHOTO YUCIIA 71
B OKPECTHOCTH X; CYIIECTBYET HAOOp X;, TaKoi, 4To X; = X; U X; € Vy,(x;), Te Vin(x;) —
map ¢ HEHTPOM X; U PafuycoM 1/n. 3aMeTHM, 4To TIOCIEN0BATENLHOCTD X; CXOAUTCA K X;.
TTOCKONBKY X; > X; = X, TO pY_: X; > r. Ilepexo/s K TIpe/ielTy 110 71, AMEEM P ; X; > .

[Toxaxkem, uro p > 0. IlycTs 3TO He Tak, U cymecTByeT 6aaro k, Takoe uto p;<0. Pac-
CMOTPHUM HEKOTOPBIH BEKTOP Z € Yy + @y. CymecTByior y € Y;, Takue uto Y _; y; = 3. [lo
YCIIOBHUIO TEOPEMBI CYLIECTBYET IPEIIPUITHE |, TEXHOIOIMUYECKOE MHOKECTBO KOTOPOIO
XapakTepusyeTcsi CBOOO0M pacxooBaHus. [y 3Toro npeanpusTus y;, — téfe Yy i, THE ¢
— k-1 eIMHUYHBIN OpT, ¢ — TMOJIOKUTENbHOE yucio. [loatomy 7 — te" e Yy +oy. s z

BBITIOJIHEHO pZ < 7. MOXHO TT000paTh JOCTATOYHO OOJBIIOE ¢, TaK 4TO p(Z — tek) >r. Ho
3TO IPOTHBOPEUHUT TOMY, 4T0 7 —t€' € Y5 + Oy.

[ockonbKy X; > X; Vi (110 pedyIeKCHBHOCTH OTHOLIEHHS IPEATIOYTEHHS), TO P ; X; > F.
C npyroii CTOPOHBI, TaK Kak ) _;J;+ Wy € Yy + Wy, T0 p Y_;y;+p Wy <r.

TTOCKOJIBKY COCTOSHHE (X, J) SABJISETCS TOIYCTUMBIM, TO )_; X; < Y_,; J; + Wy. JloMHO-
KUB Ha p > () umMeeM

pPYiXi<pd.;y;tpos.



ITomy4ynm LeIOYKY HEPABEHCTB
FEPYiXi<pRyitpRg<r.

otkymapd_; X;=p (O_;y; + @yg) = r.

Bo3bMeM p B KauecTBe LieH PABHOBECHS M TTOKAXKEM, UTO (X, J, p) ABISETCS PaBHOBE-
CHUEM.

[MokaxkeM CHadyalia, 4TO MPU ITHX [EHAX MPHUObLIH KAKIOTO MPEANPHUSITHS jo MAKCH-

MajbHa B TOUKe J;,. [lycts yj, € Y. Torma y;, + D 4, J; + @y € Yy + @y ¥ BBINOIHEHO

Pt mytox)<p(Q;y+tox)=r

Orcroza py,< pyj.

Teneps MokaxkeM, 4TO IPH LIEHAX P MOJE3HOCTH KaXI0r0 IOTPEOUTENS i) MAKCUMAIIb-
Ha B TOYKE X;,. IIyCTh X;, € X;, U X;, >, X;,. [IoKa)keM, 4TO STOT JydIlIHii Ha0Op CTOMUT JI0-
pO’KE, YEM X;, B IIEHAX p.

Tak kak (Xi, ..., Xiy, ..., X;) HE XYK€ U1 KaXKJ0r0 MOTPEOUTEINS, YEM X, TO

DX +PZ i -’21' Zr :PZ i-’zi-
[Tostomy px;, > px;,. Ham Hy»XHO T0Ka3aTh, 4TO HEPABEHCTBO 31eCh cTporoe. Ipeamno-

’
JIOKHM, 9TO pX;, = pX;,. [IocKOIBKY X;, > 0 1 p>#0, TO CYIIECTBYET AOMYCTUMBIH HAOOP X,
0

’

4
, TAKOH 4TO pX, < PX;,= PX;, (manpumep, X, = 0, 0<0<1). PaccMOTpUM BBIMYKJIbIE KOM-

’
ounannn ox, + (1-0)x;, ae[0,1]. [To HeNPePHIBHOCTH MPEANOYTCHUI HARIETCS 10CTa-
0

TOYHO MAaJIOC ITOJIOXKHUTECIBHOC O, TAKOC YTO

144 4
xio = O(xio + (1—0() Xi, ™, .72,'0.
144
Ha6op morpeOuTenseckux Habopos (Xi, ..., X, 5 X,) HE XyXe Ul KaxI0ro moTpedu-
144 4
TeIst, 9eM X, OTKYZa pX. + P i, X; > = p)_;X;. Ho, ¢ mpyroii cTOpoHsI, px < px;. Io-

o
JIy9HIIA IPOTUBOPEYHUE. 3HAUUT, PX;, > PX;,.
Takum 00pa3om, Mbl JOKa3aiu, uTo (X, y, p) ABISETCS paBHOBecHeM Bambpaca. B ka-
4YecTBE pacnpeiesieHusi COOCTBEHHOCTH MOYKHO B3SITh, HAIIPHMED,
_PXi _PXi

miz A H i —
pzsxsmZ

= — Vj.
Yii szxs ]

3ameuanue: OTMETHM, YTO YTBEPKIECHUE TEOPEMBI OCTAETCSI CIPABEIMBBIM, €CIIH 3a-
MEHUTH CBOOOJIy PACXO0I0BAHUS JIJISl TEXHOJIOTMYECKOTO MHOMXECTBA HEKOTOPOTO MPOU3-
BOJMTENS HA MOHOTOHHOCTD MPEANOYTEHNH HEKOTOPOro MOTPEeOUTENS.

[TycTs mpennouTeHrs UHIMBUIYYMa 33/1al0TCSl HEMPEPHIBHBIMU (DYHKIUSMU MOJIE3HO-
cti. ConocTtaBuM KakJIoOMy HHIUBUAYYMY TaKO€ HEOTPULIATEIbHOE YUCIIO O, TAKOE, YTO



> o; = 1. Beeiem B paccmotpenue pyHxmuio u*(x) = > o,u(x;) PaccMoTpum Teneps cie-
iel iel
JYIOIIYIO SKCTPEMAIBHYIO 3371auy:
3agaua moucka ontuMyma Ilapero.
u*(x) — max yy

2oxi<2 y t oy, (*)

iel jeJ

yeYt
x,->0.

Yr1Bepaxnenue 10.

(1) Eciu (x, p) — pemenne 3amaun (*), 10 (X, p) € WP, a eciu, Kpome Toro, >0, To
(x,y) e P.

(2) IMyctp (yHKIMM TOJE3HOCTH u;(.) HEHPEPHIBHBI M BOTHYTHI, TEXHOJOTHUECKHUE
MHO>kecTBa Y; Beimykiisl. Toraa ecnu (X, y) € VWP, TO Hall[yTCsl TaKue HEOTPHULATEIbHBIC

o; (Q_o; = 1), uto (X, y) Oyzer pemienuem 3anaun (*).

iel

Jokazamenscmeo:
(1) Iycts (x, p) — pemenne 3anaun (*) u (x, p) € WP. Toraa Haiiiercst Takoe J0Iyc-

TUMOE cOCTOsHUE (X, y) € D(wy) (otMeTnM, 4T0 D(®y) €CTh JOIyCTUMOE MHOMKECTBO
s 3agaun (*)), uro ui(x;) > u(x;) V iel. Ilo onpenenenuio GpyHkuun u*(.) UMeeM, 4TO
u*(x) > u*(x). Takum 06pa3OM, MOJYYHIM MPOTUBOPEYHE C TEM, UTO (X, J) — PEIICHHE
3anaun (*). JlokazaTenbcTBO I ciydast 0 >>0 MOTHOCTHIO aHAIOTUYHO.

(2) Iycts (X, ) € WP. Beenem o6osnauenue u(x) = (u1(xy),..., un(x,)). Beenem B
pPacCMOTpPEHHE CIIEIYIOIIEe MHOXKECTBO:

U={veR' |3 (x,y) e D(ws): v < u(x)}.

MuoxectBo U HemycTo, Tak Kak u(x) € U. ITokaxeM, 9T0 U — BBIIYKJIOE€ MHOXKECTBO.
[Tycts v/ € U n v’ € U. D10 03HAYaET, YTO CYIIECTBYIOT JOMYCTUMBIC COCTOSIHUS SKOHO-
muku (X, y') € D(wy) u (x”, y”) € D(wy), Takue uto v < u(x’) n v’ < u(x”). Iokaxem,
4TO

By + (1-B)v”’e U, rue Be(0,1).

HecnoxHo mokasaTh, 4TO

(B’ + (1-B)x",By" + (1-B)y ”) € D(wy).
Tak kak u;(.) — BOrHYTbIE QYHKIIUHU, TO
u(Bx’ + (1-Bx”) > Bu(x’) + (1-Blu(x”).

9710 o3Havaet, uto PBv + (1P’ < u(Bx’ + (1-)x”), T.e. Bv' + (1-PWw”’e U.

MmuosxkecTso u(x) + R = {veR" | v;> ui(X;) Vi} Taxxke sABIsSeTCS HEMYCTHIM U BBITyK-
JIBIM.




[ockonbKy (X, ) € WP, To UN(u(x) + RY,) = &, B IpOTUBHOM cllydae Mbl HAILIH ObI
JOMYCTHMOE COCTOSIHME SKOHOMHUKH, B KOTOPOM KaXIbIA MOTPEOUTENL MMEN Obl GOJIb-
IIYIO MTOJIE3HOCTh, YEM B (X, P).

ITo TeopeMe 06 OTAETMMOCTH CYIIECTBYET Pas3IeIAIoNIas OTH [Ba MHOKECTBA THIIEPII-

n
JIOCKOCTb, T.€. CYIIECTBYIOT BeKTOp a€ R, a#0 u uucino b, Takue 4To
av<bupuve U

u av > bnpu v e u(x) + Ri..

[TokaxeM, uro a=0. [Ipennonoxum, 4To cymecTByer i, 1y kotoporo a,<0. Torma ec-
m v e u(x) + Rl, o v+ te' € u(x) + R, rae t — monoxurensHOE 4KUCHO, € — i-if OpT.
MBI Bcerjia MoxeM 1000paTh J0CTATOYHO OOJBIIOE #, YTOGBI BBIOTHAIOCH a(v + fe') <
b. Ho 3TO IPOTHBOPEYHT TOMY, 4TO v + te' € u(x) + R'..

PaccMoTpuM nocaenoBaTensHocTs v, = u(x) + 1/n 1, tne 1 — BexTop, cocTosmmuii u3
enunun. Iockonsky v, € u(x) + R'.Vn, 10 av, > b. Ilepexons k npeeny, HOTY4UM a
u(x) = b. C npyroi croponsl, u(x) € Un au(x) < b, 1.e. au(x)=b.

BosbMmeM B KadecTBe O BeKTop @/ _a;. He cymectsyer maps (x, y) € D(@y), Takoi

91O D 0yui(x;) > O _0uui(X;). JlecTBUTENbHO, 11 JIF000H napsl (x, y) € D(wy) BBIIIOJIHEHO
u(x) € U, otkyna au(x) < b = au(x). Pa3faenus 5T0 HepaBEeHCTBO HA Y _a;, IOTy4UM OWL(X)
< ow(X). D10 03HAYaAET, UTO (X, ) ABJIIETCA pelieHreM 3aaaun (*).

|

Y 100HBIM WHCTPYMEHTOM Ui WJUTIOCTPAIlMK BBEACHHBIX MOHITUN SIBISETCS LUK
OmxBopTray. MMk DmKBOpTa — 3TO AMAarpaMma, KOTopas MO3BOJISIET HArJIAIHO IMpen-
CTaBHTb HIKOHOMHKY C 2 OTpeduTeNsiMu, 2 O1aramu, B KOTOPOil MHOKECTBA JTOMTYCTUMBIX
noTpeOuTeNnsCKuX HabopoB uMeroT BU x>0 u x,>0. Ha sToii nuarpamme notpeGieHue

l-ro yyactTHuka (xi, x?) MIPEICTABISAETCS B OOBIYHON CHCTEME KOOPJIUHAT, a TOTpeOIeHUE
2-r0 y4yacTHUKA (xé, xi) — B TIEPEBEPHYTOM C IIEHTPOM B TOUKE (0)12, 0)22), €CJTH CMOTPETh
W3 CUCTEeMBbI KoopauHaT 1-ro yuactHuka. Eciam 6amaHchl mo OyiaraM B paccMaTpHUBaeMOM
TOYKE X BBIITOJIHEHBI, TO TOUKA (x}, x?) B MEpPBOI CUCTEMe KOOPAMHAT COBMAJET C TOUKOU

(xé, xi) BO BTOPOW CHCTEME KOOPAHMHAT, YTO MO3BOJSET M300pa3uTh X OJHOW TOYKON Ha
JTAaHHOW THarpaMmme.

YToOBl MOKXHO OBUIO MPEJCTABUTH CeOE CTPYKTYpY pPaBHOBECHs, YAOOHO BOCIOJIB30-
BaThCs rpadMKaMH KpUBBIX 0€3pa3Iuuus U MHOKECTB JIyULINX TOUYEK YUaCTHUKOB.

Hanomuum, 4yto KpuBas Oe3pa3znuuus i-r0 y4aCcTHUKA, COOTBETCTBYIOIIAS TOYKE X,
€cTh MHOXECTBO [;(X;) = {x;>0 | u,(x;) = u{x;)} . MHOXeCTBO TOUYEK, HE XY/AIINX, YeM TOY-
Ka X;, €CTh MHOKECTBO L;()_c,-) = {x=20 | ui(x;) = ui(x;)}.

B TepMuHax 3THX KPUBBIX TOYKA X eCTh [1apeTo-onTuMyM paccMaTpUBacMOi SKOHO-
MHKH, €CJIM HE CYIIECTBYET AOMYCTUMON TOUYKH X, TAKOU YTO xleLY(fcl), X L;(fcz) U BbI-
HOJIHEHO 10 KpaiiHe Mepe 00HO U3 COOTHOMIEHM X 1€ [1(X1), X22 L(X,).

Touka X mpuHaAIexuT cnaboii rpanuie [lapero, eciu He CYIIECTBYET NOMYCTHMOM

TOYKH X, TAKOH YTO X| € LT()El), xX)€ L;(fcz), x1211(x)) u x,2 L(x,).



Jyis Toro, 9TOOBI TOYKY X MOKHO OBLIO peajn30BaTh KaK paBHOBECHE, HEOOXOIUMO
(HO B 00IIIEM cilydae HEIOCTATOYHO), YTOOBI CYIIECTBOBaA MpsMasi, MPOXOAAIIas Yepe3

3Ty TOYKY, TaKas 4TO OHA Pa3JeiiIeT MHOXECTBA LT()_cl) u L;()_cz). Haxnon sroi npsmoit
paBeH oTHomeHHIO eH. Cama 3Ta mpsiMasi SBJIETCsS OOIUM JUIsi 000MX ToTpeduTenei
OIOKETHBIM OTPAaHUYCHHUEM.

PaccMOTprM HECKOJIBKO MPUMEPOB MOJICTTH SKOHOMUKH OOMEHA (MM pacIpeIeICHHs)
Ha SAIMKEe DHKBOPTA. B KaX10M U3 HUX MOCTPOUM ClIalyIo U CUIIbHYIO TpaHuIlbl [lapeto
U PaCCMOTPUM B3aUMOCBSI3b MEXKIY HUMHU.

Hpumep 1. O6a moTpeOuTens HEHAT TOIBKO IepBoe OJiaro:
U1 =x u Uy = X3
B sTom ciydae mo0as Touka SmKKa DJHKBOPTA MPUHAUICKHUT CI1a00N U CHIIBHOM rpa-
Hute [lapero.

Li(xy)

1
X1
>

2
xZY

Kaxnayro u3 Touek MOKHO peain30BaTh Kak paBHOBECHUE, ITPU ITOM p2=0.

[Tpumep 2. IlepBbiit mOTpeOUTENH IIEHUT TOJIBKO TEpPBOE OJaro, BTOPOW — TOJBKO
BTOpOE:

1 2

U= x 44 Ur= X2
1
X2

¢2
X1
<<
P

B »TOM ciyuae mpaBas U HIKHAS CTOPOHBI SIIMKA DIKBOPTA COCTABIAIOT Cl1alyio
rpanuily [lapero, a mpaBelid HUXKHUN yroa — cuibHYI0 [lapero-rpanuity. CuibHYyIO Tpa-
Huny [lapeto MOXHO peann3oBaTh Kak paBHOBECHE MPH JIFOOBIX [IEHaX.

W

L;(xz)

X SNSRI PSR

X

[Tpumep 3. [MoTpeOutenu UMEIOT JIMHEHHBIC (YHKIIUH MOJIE3HOCTH C TOJIOKUTETHHBI-
MU Kod(ppuninenTamu:



1 2 | )
uy=2x +x u Uy =x; + 2x;.

i

2
X1

0 A
<

LG
Wil

H[}I/IMCQ 4. HOTpe6I/ITCHI/I UMCHOT (I)YHKLII/II/I IIOJICBHOCTHU
1 2 1 2
uy= 1nx1 + lIDC1 u u2=x2+x2.

2
X

2
X

Hpumep S. [epsolit moTpeduTeNs UMEET (PYHKIHMIO MOJIE3HOCTH C "TOJCTON" KpUBOM
Oe3paznuuus
12 1.2
X1X1 xix; <2
1.2
u = 2 2 < X1X1 < 3

1.2 12
xle—l X1X1>3

1 2
Uy=Xx + Xxz.



2
sz
JlanHas cuTyanus MpeACcTaBiIseT co00M KOHTpIpUMED K 1-if Teopeme 0JarococTostHus 1
MTOKa3bIBAET BAXKHOCTH YCJIOBHS JIOKAJIBHOW HEHACHIIaeMOCTU. TOYKM B 3alITPUXOBaH-

HOM 00JIacTH MPaBOro PUCYHKAa MOKHO peaiu30BaTh KaK paBHOBECHE, HO OHU HE SBIIf-
1otcs [lapero-onTuManbHBIME.

[Tpumep 6. [lepBrIit MOTpeOUTEND HACHITIIAEM
1 2 2 2
uy=—x -1 =@x-1)

P 1
1

>

2

2

=

Yx

[Tpumep 7. IloTpeOuTenu UMEIOT GYHKIIUH MTOJIE3HOCTH

1 2
UL =X +‘\/x1

2
Ur = Xs.



1 2
X2 Ax
<+ \

Li(Gy)

=>

X

X3

DTa Y5KOHOMHKA MPECTABISAET COO0M KOHTPIPUMED KO 2-i TeopeMe 6J1arocoCTOSHUSA,
xorzga ontumyM Ilapero He BHyrpenHumi. IIpaBblii HHKHUI yron smmka DmKBopra (X)
npecTaniser coboii ontumyMm Ilapero, HO He MOKeT ObITh peau30BaH Kak paBHOBECUE
HU MIpU KaKMX LieHaX. Pa3nensromas runepiockocTh CyIIeCTBYET: z; = 0, HO MpHU LIeHax
p1=0 1 py>0 Habop X| He ABISETCA PELICHUEM 3aJa4M 1-ro MOTpeOuTeNs, TaK KaK I0JIe3-
HOCTb HE OTPaHUYEHA CBEPXY.

[Tpumep 8. Kontpnpumep ko 2-i TeopemMe 0J1arocoCTOSHUS.
1-it moTpebuTens UMEET HEBBINMYKIbE MpeanouTeHus u [lapeTo-onTuMaabHyl0 TOUKY
X HEJb3s pealn30BaTh KaK PABHOBECHE — HE CYIIECTBYET MPAMOIA, KOTOpast Obl pa3ziess-

ma Ly (%1) u Ly (%2).

1

X7 A x?
<<

xe P

X
+ A
Ly(x,) + o~
Li(xy)
‘ X1
2 )
\ A

Tecmbl u 3a0auu 013 CAMOCMOAMETbHOZ0 PEULEHUS

1 1
1. Iycte B curyauuu [pumepa 1 (u; = X1, 2 = X,) COBOKYIHbIE HadaJbHbIE 3aM1achl KO-
HOMHUKH MOJIOKUTENbHBI Wy >0. [Tokaxure GpopmanbsHo, 4TO:

1 2
a) JIrobast Touka sammka OmxBopTa (X€[0, wy]X[0, ®y]) mpuHamzexur craboil u

cuinbpHOM rpanune Ilapero.
6) Kaxyro u3 Touek sinmka DHKBOPTa MOXKHO peain30BaTh Kak paBHOBECHE, U MPHU
2
sToM p=0.



1 2
2. Ilycts B cutyanuu [lpumepa 2 (u; = xi, u2 = X2) COBOKYIHbIE HaYaJIbHBIE 3alachl KO-

HOMUKH MONOXKUTENbHBI (y>0). TTokakute GpopmaibHo, 4To:
1 2 1
a) [IpaBas (xi=0)2, xie [0, 0y]) n HIKHAL (xie[O, wy], xf=0) CTOPOHBI SIUKA -

KBOPTa COCTABISIOT clla0yro rpanuity [lapero, a mpaBbIit HUXKHUHN yrou (x; = (0)12, 0)22)) —
cunbHyto [lapeTo-rpanuiry.

0) CunpHyro rpanuiy [lapero MOXXHO peann3oBaTh Kak paBHOBECHE IPH JIFOOBIX He-
OTpULIATENbHBIX 1IEHAX.

3. Ilyctp, kak u B [Ipumepe 3, moTpedbuTenn UMEIOT JIMHEHHBIC (DYHKIIMH TMOJE3HOCTH C
MOJIOKUTEIBHBIMHU KO3 PHIIeHTaMHU,

1 2 1 2
up = oux; + B u Uy = 00Xz + B3,
COBOKYITHBIE HayaJlbHbIC 3allachl SKOHOMHKH MOJOKUTENbHBI (Wy>0). IIponemoncTpu-

pyiite popmanbHo, uTO cUiIbHAA U ciabas rpanuna [lapeTro coBmaaaroT B 3TOH SKOHOMU-
ke. Haliinte ux B 3aBUCUMOCTH OT 3HaUCHUH KOIPPHUIIUEHTOB.

1 2 1 2
4. ITycts B cutyanuu [Ipumepa 4 (u; = Inx; + Inx), up = x, + X2) COBOKYIIHBIC Ha4aJIbHBIC

3amachl 3KOHOMHUKHM HOJOXKUTENbHBI (Wy>0). IIpomemoHcTpHpyiiTe (opMmalbHO, 4TO

cuibHas U ciabas rpanuna [lapero coBmamaroT B 3TOM 3KoHOMEKE. HaliuTe nx B 3aBH-
CHUMOCTH OT BEJIMYMHBI HAYaJIbHEBIX 3aI1acoB.

5. B cutyanun [Ipumepa 5 mpu 10cTaTOYHO OOJBIIMX COBOKYITHBIX HAaYaJIbHBIX 3armacax
HaiiiuTe QopMallbHO CHIIbHYIO U cialyio rpaHuilsl [lapeto 1 MHOXKECTBO TOYEK, KOTO-
pble MOXKHO pean30BaTh Kak paBHOBecue. Kak cooTHOCATCS Mexay coOoi 3Tu Tpu
MHOXecTBa?

1 2 1 2
6. B curyaunu [pumepa 6 (u; = — (x1 — 1)* — (x; — 1)% us = 2 x, + x3) IIPH XOCTATOYHO
OOJIBIIMX COBOKYITHBIX HAYaJbHBIX 3amacax HaWgute ¢GopmainbHO Tpanuiy [lapeto u
MHOECTBO TOYEK, KOTOPhIE MOYKHO PEaIH30BaTh KaK paBHOBECHE.

1 2 2
7. B curyanuu [lpumepa 7 (u; = x1 + \[xi, Uz = X;) NPU NOJOKHUTEIBHBIX COBOKYITHBIX
HAYaNbHBIX 3amacax HaWaute dopManbHO rpanuily [lapeTo ' MHOXECTBO TOYEK, KOTO-
pPBIE MOXKHO pEAIM30BATh KAK PAaBHOBECHE.

8. ITokaxxute, 4TO B SKOHOMHUKE OOMEHA MPHUPOCT HAYAIBHBIX 3aM1acOB MOTPEOUTEIS MO-
JKET IIPUBECTU K MIaJICHUIO €T0 I0JIE3HOCTH B TOYKE PABHOBECHSL.
VYkazanue. PaccMOTpuTE S5KOHOMUKY C ABYMsI TOBapaMH U IByMsl IOTPEOUTENSAMU C OU-
HAKOBBIMH TPEANOYTECHUSIMU, ONMCHIBAEMBIMU CIEAYIOIIEH KBAa3HJIMHEHHON (yHKIMEH
II0JIE3HOCTH

u(x) =x +x2,
paccMOTPHUTE CPABHUTENBHYIO CTaTHUKY MOTpedutens 1 B 3aBHCHMOCTH OT M3MEHEHUS
HaYyaJIbHBIX 3aI1aCOB ] U ).



9. IIpennonaoxuM, 4TO B 3KOHOMHUKE OOMEHA C HENPEPBIBHBIMU, CTPOTO BBIMYKJIBIMU H
CTPOr0 MOHOTOHHBIMU KBa3WJIMHEHHBIMH cenapabeIbHBIMHU MPEANOUYTEHHSIMUA TTPOUCXO-
JUT IepepaclpeielicHue HadyallbHbIX 3amacoB. IIokaxuTe, 4TO e€ciu HadalbHBIE 3aIachl
noTpeOuTeNs BO3PACTAIOT, TO €T0 MOJIE3HOCTh HE MOXKET YIAaCTh.

a) PaccmoTpuM cHOBa mepenady pecypcoB OT IEpBOrO MOTPEOUTENsE KO BTOPOMY, KaK H
BBIIIIE, HO HA 3TOT Pa3 NPEANOYTEHUS HE KBa3WJIMHEHHBIE MPEINOI0KHUTE, YTO Tepe-
JlaBaeMoe KOJIMYECTBO Majo M YTO M3MEHEHHE (OTHOCHTEIHHOE) PABHOBECHOM IICHBI
masto. [lokaxuTe, 4TO MoJIe3HOCTh MoTpeduTens 1 mMoxer ynactb. [IpouHTepnperu-
pyiiTe ¢ TOUKH 3peHHs COOTHOLICHUsI MeKAY 3 dekTom 3ameHsl u 3 dexTom noxona.

0) [NokaxxuTe, 4TO B SKOHOMHKE C JIByMSI TOBapaMH M JABYMsI IOTPEOUTEIAMH 3TOT Hapa-
JIOKC MO>KET IPOM30MTH TOJBKO B CIIydae €IMHCTBEHHOCTH paBHOBecHs. (I[lonckaska:
[Tokaxkute, 4TO eciM INepeada HayalbHBIX 3alacoB MOTpeOHuTeNs 1 BeneT K yMEHb-
IICHUIO €T0 TMOJE3HOCTH TOTAa B MEPBOHAYATIBHON CUTYAIlMH JIOJDKHO CYIIECTBOBATH
eI OJTHO paBHOBECHE C elle 0oJiee HU3KUM YPOBHEM TOJE3HOCTH Y moTpeduTens 1).



1. MaTemaTuyeckoe npurnoxeHue

Ceolicmea 0OHOPOOHbLIX hyHKUUU

n (v
Hanomuum, yto dynkuus ¢ (x): R° — R Ha3biBaeTcs OAHOPOIHON CTEMEHU (O, €CIU
JUTS JTFOOOTO TTOJIOKUTEIFHOTO YHCIA ¢ BBITIOJHEHO

@ (1) = 1@ (x).

Teopema 1. luddepenurpyemas GyHkus @ (.) siBIsETCS OJHOPOIHOM CTENIEHU Ol TO-
r71a ¥ TOJIBKO TOTJa, KOT/1a BBITIOJIHIETCS TOXKIECTBO ((hopMyita Ditnepa)

d
Zx,-—%?=oc(p(x).

Teopema 2. Eciiu nuddepeniupyemas GyHKIUS @ (X) OXHOPOJIHA CTENEHH O, TO €€

99(x)

MIPOM3BOHAS 3 Vi oHOpOIHA CTETICHH OL — 1.

1

Teopema FOH2a

Teopema 3. (teopema lOnra)
Hycts ynxmus f: R" — R asaxsl HenpepsiBHO auddepennupyema B Touke xe R’
Torna
If(x) _ 9f(x) .y
ax,-axj B axjax,- L)~ 1’ e M-

Teopembl 0 HeNoGB8UXHOU MOYKe

Teopema 4. (teopema bpayapa)
Iycts A  R" — HemycToe, KOMITAKTHOE M BBITYKJIOE MHOXKECTBO U QYHKIHSA f1 A —
A nenpepsiBHa Ha 4. Toraa cymecTByer ToUka X € A:

¥ =f(%).

Teopema S. (teopema Kakyranmn)

[ycts A € R" — HemycToe, KOMIIAKTHOE U BBIMTYKJIOE MHOKECTBO 1 f: A — A — 1i0-
JyHETIpephIBHOE CBEPXY OTOOpaXKEHHE, TAKOE UTO f(X) — HEMyCcTOE BBHIITYKIOE MHOXKECT-
BO U1 J1000# Touku x € A. Torna cymecTByer Touka X € A:

X e f(%).

Teopembl omdenumocmu

Teopema 6. (TeopeMa MUHKOBCKOTO)




n n
[TycTh UMEIOTCS HEMYyCTOE 3aMKHYTOE BbINTyKJI0€ MHOXKeCTBO C C R u Touka x € R He
npuHauiexkamas C. Toraa HaiineTcst BEKTOp a € ]R{", a+0, v ABa pa3Nnu4HBIX yKcna b, b,
€ R, b; > b,, Takue 4TO BHITIOTHEHBI HEPABEHCTBA:
n

> a;xi> b
=1

Yaiyi<b, Vye C.
=1

Teopema 7.
n
[Tycth UMeErOTCS Ba HEMYCTHIX BBIMYKJIBIX MHOKecTBa Cj, C; € R He mmeromue 00-

X To4ek. Torga HaeTcss BEKTOP a € ]R{", a#0, u gucio b € R, Takye 4YTO BBHIIOIHEHBI
HEpPaBEHCTBA:

n
Za,-x,-> b Vxe C.
=1

Yayi<b Vye C.
=1

Teopembi KyHa—Takkepa

HYCTB HMCECTCA 3aa4a MaKCUMHU3alluu C OTPaHUYCHUAMU
0(x) — max
yix) =0 j=1,...m (*)
xe Rl
Oynkueint Jlarpanxka (JlarpaH)XMaHOM) ATOW 3a7jaud HA3bIBAIOT CIEAYIONYI0 (DyHK-
UIO:
L(x, A) = §(x) + 2_; A, (),
rae >0 (=1, ..., m) — MHOXuTEnH Jlarpamka.
I'oBopsT, uTO 3ama4a (*) ynoBnerBopsieT ycioButo Cleltepa, eciii CyIIecTByeT TOUKa
x e R’, Takas uro
yix)>0 j=1,..,m.

Teopema 8. (0 ce7I0BOI TOUKE)

ITycts 3anaya (*) ¢ BorHyTeIMH QyHKIUAMHE O(X) U Yi(x) (j = 1, ..., m) ynoBIeTBOpSET
ycnosuio Crelitepa. Torna Todka X sSBIsieTcs pemieHueM 3aaa4du (*) Toraa U TOIBKO TO-
I71a, KOTJa CyIeCTBYeT BeKTop MHOXHTeNeit Jlarpamxa Ae RY, Takoii uto (X, A) ABiseTcs
ce/TOBOM TOUKOM (GyHKIMH Jlarpanxka TaHHOU 3a/1auu.

Teopema 9.




ITycts dynxuun ¢(x) u yi(x) (j = 1, ..., m) ABIAIOTCA BOTHYTHIMU U AU pepeHupye-
MBIMH ¥ 3a/1a4a (*) ymoBneTBopsieT ycnosuio Crelitepa. Torna momyctumasi Touka 3a/a-
g (*) X SABIISETCS ONTUMAIBHON TOTJA U TOJIBKO TOT/A, CYIIECTBYET BEKTOP MHOKHUTEINEH

e m o
Jlarpamxka A€ R, Tako# 9TO BBINONHEHBI cheayronue yciaoBus Kyna-Takkepa (yciaoBus
JTOTIOJTHSTFOIIICH HEKECTKOCTH ):
dL(x, A)
ox
oL(x, A) _

— . x=0,

ox

<0,

Teopema 06 ozubarowel

B MHKPOSKOHOMHYECKOM aHAIM3€ IUPOKO UCHONB3YETCs KIACC yTBEPHKICHUM (Ha3bl-
BaeMpIx TEOPEMAMM 06 ornbaroLlen) cnenyromero Tuma:
PaccMOTpUM KIlace 3a/1a4, 3aBHCSLIMX OT HapaMeTpa da.
o(xy, ..., Xy, @) — max
Yix1, . Xy, @) =0,7=1, ..., m. (**)

Teopema 10.
Iycte x(a) — pemenne 3agaun (**), Ma) — MHO)UTEMM JlarpaHnixa, COOTBETCTBYIO-

nye peuienuto, u l(a) = ¢(x(a), a).
[Tpenmonoxum, 9To B TOUYKE do BBHITIOTHEHBI CIIEIYIONIHE CBOMCTRA!

& (yHknun O(.) 1 Y;(.) BOTHYTHI U iU depeHInpyeMsl,

& pEIICHUE 3aJIa4M CYLIECTBYET U €IUHCTBEHHO U QyHKIus x(.) AuddepeHunpyema,
Torna BBIOTHSAETCS COOTHOIICHUE

dl d Y,
) =5 (). ) + 5, ) (). o)

TeopeMbI 0 HenpepbieHOCMU peweHull 3ada4yu onmumu3ayuu

Teopema 11.
[Tycth X (p) — MHOXKECTBO PEIICHUM 331291

u(x)—>maxy

px<Bp),

xe X,
re pe R:, XcR', X—3aMKHyTOE, BBIYKIIO€ H OTPaHHUYEHHOE MHOXKECTBO 1 0 X,
®dyHKIUA U(.,.) HEMPEpPhIBHA U CTPOTO KBa3UBOTHYTa Ha X.

Eciu ¢pyukuums B(p) HenpepbIBHA U MOJOKUTEIbHA TIPH p = P, , TO QYHKIHA X (p) He-
MPEPHIBHO B OKPECTHOCTH TOUKHU P.




Teopema 12.
[lycth X (p) — MHOXKECTBO pEILICHU 3a1aun

u(x)—maxy

px<B@),

xe X,
rae pe RY, XcR', X-3aMKHyTOe, BBITYKIOE MHOKECTBO U 0€ X,
@yHKUMA u(.,.) HEIPEPHIBHA U CTPOT0 KBAa3UBOTHYTa Ha X.

Ecnu ¢yukuus B(p) HenpepblBHA U MOJ0XKUTEIbHA TIPH p = P, , TO QYHKIHA X (p) He-
IIPEPHIBHO B OKPECTHOCTH TOUKHU P.

Teopema 13.
[lycth X (p) — MHOXKECTBO pEILICHU 3a1aun

u(x)—max

px<Bp),

xe X,
rie pe Rl, XcR', X—3aMKHYTOE, BEIYKJIOE U OTPAaHHYEHHOE MHOXKeCTBO 1 0 X.
@yHKUMA u(.,.) HEIPEPHIBHA U CTPOr0 KBAa3UBOTHYTa Ha X.

Ecnu dynkuus B(p) HenpepbIiBHA U MOIOXKUTEIbHA IPH p = P, , TO BBIIYKIO3HAYHOEC
oToOpakeHHe X (p) MOITYHETIPEPHIBHO CBEPXY B OKPECTHOCTH TOUYKH P.

Teopema 14.
[lycth X (p) — MHOXKECTBO pEILIEHU 3a1a4n

u(x)—maxy

px<Bp),

xe X,
rae pe RL, XcR', X—3aMKHYTOe, BBITYKIOE M MHOXKeCTBO 1 0 X.
@yHKIMA u(.,.) HEIPEPHIBHA U CTPOT0 KBAa3UBOTHYTa Ha X.

Ecnu dynkius B(p) HenpepbiBHA U MOIOKUTEIbHA IPH P = P, , TO BBIIYKIO3HAYHOE
oToOpakeHHe X (p) MOIYHETIPEPHIBHO CBEPXY B OKPECTHOCTH TOUYKH P.

Bce a1u TeopeMsl SBIIIOTCS BapUaHTaMU U3BECTHOTO yTBepxkAcHUA bepxa:

Teopema 15.
(MHOro3Ha4yHOE) 0TOOpaKEHHE, KOTOPOE CTABHT B COOTBETCTBHE MapameTpy A MHO-

JKECTBO TOUEK, KOTOPBIC SBISIOTCS PEIICHUSMU CIIEAYIONIEH SKCTpEeMaTbHON 3a1a9H:

u(x, A)—>max,

xe X(\)
ABJIAETCA MOTYHENPEPHIBHEIM CBEPXY B TOUKE A, eciu oTobpaxkenue X(A), n (pyHKIUs
u(x, \) HEPEPBIBHBI B OKPECTHOCTH ITOM TOUKH.




HanmomMHMM, 4TO HENpEephIBHOCTH MHOT'O3HAYHOTO OTOOpPAXKECHUS SIBIISETCS CIEIYIO-
UM 0000IIeHrEM HENPEephIBHOCTH (QYHKIMU: oToOpakenue X(A) sBiseTcs MOTyHemnpe-
PBIBHBIM CBEpXY B TOUKe A, /Ui BCAKOro £>0 cymecTByeT 8>0 Takoe, 4To €-OKPECTHOCTb
MHOXkecTBa X(A) comepkut MHoxkecTBa X(A) mms Bcex A U3 8-0KkpecTHOCTH A; 0TOOpa-
xenne X(\) ABjseTcs NOTyHENPEpbIBHBIM CHU3Y B TOUKE A, IS BCAKOro £>0 CyliecTByeT
8>0 Taxoe, 4TO AN BCeX A M3 8-OKPECTHOCTH A €-OKPECTHOCTH MHOXKeCTB X(A) comep-
xuT X(A). OToOpaXkeHne HA3BIBAETCS HENPEPHIBHLIM, €CIIM OHO HEMpPEPHIBHO CBEPXY U
CHHM3Y OJJHOBPEMEHHO.

3aMeTHM, YTO MOCKOJbKY MOCTOSIHHOE OTOOpa)XeHHE HENpPEephIBHO, HENPEPHIBHOCTH
(TosTyHEnpenpepbIBHOCTD CBEPXY) GYHKUUHU (0TOOpaxeHus1) MPeaIOKEHHs TapaHTUPYET-
Csl TIpU CYIIECTBOBAHUU PELICHHUS 3aJaud MOTpeOuTens (MOCKOJIBKY (YHKIUS MPUOBLIH
HeTpepbIBHA KaK (PYHKITHUS LIEH).



JK3aMeH No0 MUKPOIKOHOMUKE ANS CTYOEHTOB 5 Kypca
(1998 roy)

lNepebil eapuaHm

1. INokaxure, uro GyHKIUS NPUOBLTH cenapabenbHa TOTJA M TOJIBKO TOTAa, KOTaa
cenapabenbHa QyHKIMS cripoca.

12 v
2. SBngercs mu pyHKIMA c(y,w)= (W1 — (W1w2) ~ + W») QyHKIHMEH U3aepKeK JUIs
HEKOTOPOU TEXHOJIOTUHU.
Ecmm ga, To xakoii?

3. PaccmoTpuM Mup C ABYMs MOTPEOUTENSIMH, IBYMSI COCTOSIHUSIMU U IBYMS ((u3H-
YecKUMH) Oraramu, HadalbHbIE 3allachl KOTOPHIX B IEPBOM COCTOSIHMM MHpa Y MEpBO-
ro norpedurens, a BO BTopoM — y BToporo. [Ipennonoxum, 4To npeanoyTeHus mno-
TpeOuTeNe ONMMUCHIBAIOTCS (QYHKIMSIMHU Toe3HOCTH HeliMmana-MopreHmTepHa ciie-

OYIOLIETO BUAA
ui(x;) = Z j Td Ui(xf)

C JNeMeHTapHOH (yHKIuel monesHoctd w(x)) = In x]. IIpeamonoxxuM TaKxe, 4To
OLIEHKU BEPOSTHOCTEH COOTBETCTBYIOUIMX COCTOSIHUN MPHUPOJIBI Y TIOTpEOUTENEH COB-
MafaloT T.C. T, = T, i,k = 1, ..., n. Kakumu B 1aHHOM ciyqae OymyT:

(a) paBHOBecus Dppoy-/ledpe

(B) paBHOBecusi PamHepa B citydae, KOrja CyIIECTBYET IOJIHAs CHCTEMa PBIHKOB YC-
JIOBHO CJIy4alHBIX OJiar Ha OCHOBE OJIHOTO M3 JBYX pacCMaTpuMBaeMbIX OJiar

(c) paBuoBecus PagHepa B ciyyae, KOTrJja HE CyLIECTBYET PHIHKOB YCIIOBHO CITy4aii-
HBIX OJiar.

(d) ITapeTo-onTUMaIBHBIE COCTOSTHUS?

4. PaccMOTpUM MOJI€NIb C HaYaJbHBIMH 3allaCaMM, KOTOPbIE HE 3aBUCAT OT COCTOSTHUM
MPUPOJIBI, CTPOTO TIOJOKHUTEIBbHBI, a TPEANOYTCHHUS IMOTPEOUTENel ONMMCHIBAIOTCS
dbyHKIMsIME TTo1e3HOCTH Heiimana-MopreHmTepHa (o CTpOro BOTHYTOH 3JieMEHTap-

HOM (DYHKIHEH TT0Ie3HOCTH) CAEAYIOMEro BUAa (X)) = X, T uix;))

J
IIpenmnonoxkumM Takke, 4TO OLEHKH BEPOATHOCTEH COOTBETCTBYIOLIMX COCTOSHUM
IIPUPOJIB] y IOTPEOUTENEH COBIANAIOT T.€. T, = T, i,k =1,..., n.
(a) Kakumu Oynyt IlapeTo-onTumanibHbIe COCTOSHHS B 3TOM MOJENIH 0OMeHa?
(B) [Tokaxxute, yTO paBHOBecHe Dppoy-/lepde B 1aHHON MOJEIN MOXKHO peaanu30BaTh
Kak paBHoOBecue PamHepa naxe B TOM ciiydae, KOT/ia HE CYIIECTBYET PHIHKOB YCIIOBHO
CITy4aifHBIX OJIar.
(c) TokaxwuTe, 4TO, BOOOIIIE TOBOPS, HE BCe paBHOBecus PagHepa B aToit Mmoaenu [la-
PETO-ONTUMAJIBHBI, €CJIM HE CYIIECTBYIOT PHIHKHU YCIIOBHO CIy4alHbIX OJar.

5. Ilycte B Moenu oOMEHa MPEINOYTeHHS MOTPEOUTENed M X HadajdbHbIC 3aIachl
coBmajaoT. ['apaHTUPYET 1M BBIMYKJIOCTh MPEANOYTEHUH CYIIECTBOBAHHWE PaBHOBE-



cusi? ApryMeHTUpYyITe CBOI OTBET.

6. Ilyctp B Mozenu oOMEHa MPEANOYTEHHs MOTpeOUTENel CTPOro BBIMYKIIBI, a Ha-
JajbHbIE 3anackl npuHaaexaT rpanuue [apero. ITokaxure, 4to M00bIe paBHOBECHS
B 9TOW MOJeNH (€ClIM PaBHOBECHSI CYILECTBYIOT) MOTYT pa3iHyaThCcs TOJNBKO BEKTO-
paMu paBHOBECHBIX II€H, T.€. € (P, X1, X2,...X ) U (p’, X'1, X2,..X"w), TO X; = X';, [ =
1, ...,m. Ilokaxxure, YTO yCIOBHE CTPOTOM BBIMYKIOCTH HEOOXOIUMO sl CIIpaBeIIu-
BOCTHU yTBepXkaeHus. Kakue 1omoiHuTenbHbIe YCIOBHS FapaHTHPYIOT:

- €IMHCTBEHHOCTh PaBHOBECHS (€CJIM OHO CYIIECTBYET);

- CYLLIECTBOBaHHE PaBHOBECHSI?

7. TokaxuTe, uTo B MoJenu oOMeHa (¢ m MOTPeOUTENsIMH) M COBMAJAIOUIUMH H
CTPOTO BBIIYKJIBIMH MIPEAIOYTEHUSMH MTOTPEOUTENEH SraluTapHOE pacipeaesieHue

1 m
m Zm,
i=1
npuHauies)kuT rpanuie [lapero. IIpu kakux HOMOTHUTENBHBIX IPEANOIOKEHUAX OT-

HOCHTEIHFHO MMapaMeTPOB MOJICIH U KaKUX IIeHaX €ro MOKHO Pealn30BaTh KaK PaBHO-
Becue?

8. B Mozenu HaliMa KOHTPAKT HA3bIBAETCS ONTHUMAJIBHBIM IIEPBOIO MOPSAKA, ECIA OH
o0ecreunBaeT COOCTBEHHUKY MAaKCUMAJIbHBI YPOBEHb MOJE3HOCTH CPEeIu AOCTHIKHU-
MBIX 0€3 ydeTa OorpaHHYeHHUH yJacTus

[TokaxxuTe, YTO B MOJIENIM HaitMa BOOOIIIE TOBOPSI HE CYHIECTBYET ONTUMAJILHOTO KOH-
TpakTa nepBoro panra. OgHaKo €cClii MEHEKEp — HEUTpaJIeH MO OTHOLIEHUIO K
PHUCKY, TO J000i ONTUMAaNbHBIH KOHTPAKT SIBISETCS ONTHMAJIbHBIM IEPBOTO PaHTa.
[IpuBenuTe mpuMeEp TAKOrO KOHTPAKTA.

9. IlokaxuTe, YTO B MOJIETM HaiiMa (C KOHEUHBIM YHUCIOM JIEUCTBHUI U UCXOJ0B). OI-
JaTa MeHeJkepa (B COOTBETCTBUE C ONTUMAIbHBIM KOHTPAKTOM) BOOOIIE TOBOPS HE
SBIISICTCSI MOHOTOHHO BO3pacTaromieil GyHKIUeH OT ncxoaa.

10. YactuyHas nuHdopManus o MOBEICHUU MOTPeOUTENs (B SKOHOMHKE ¢ ABYMs Ona-
raMu) IPEJICTaBICHA B CIIEIYyIOIEH TabIuIIe.

Habmio- | Llena nepsoro | [lena Broporo | O6beM  mokymok | O6beM  MOKYHOK
JICHUE Onara Onara nepBoro Onara BTOpOro Ojara

1 10 10 10 10

2 10 8 12 ?

ITpu kakux oObeMax MOKYIOK IepBOro Ojara

(a) aTO MoOBeneHNE HE COBMECTUMO C MOJEIBIO PALMOHATBHOTO MOBEJACHUS (MaKCH-
MU3AIUH TI0JIE3HOCTH MPU OI0JKETHOM OIpaHUYEHUH) B MPEANOI0KEHNUH, YTO Mpel-
MOYTEHHUS JIOKATbHO HEHACHIIIIAEMBI M CTPOTO BBHITYKJIIbI?

(B) moTpeOuTenbckuii HabOp MpU MEPBOM HAOMIONEHUM MPEANOYUTAEeTCS MOTpeOu-
TEJILCKOMY HabOpy MpH BTOpOM?

(c) morpebuTensckuii HaOOp MpU BTOPOM HAONIOIEHHM TMPEANOYUTAETCS MOTpeOu-
TEJILCKOMY Ha0Opy MpH 1epBoM?

11. Tlokaxute, uro ecnu (yHKIUS (0TOOpaxkeHue) cmpoca X(p,Y) YHOBIETBOPSET




3akoHy Banbpaca u cnaboii akcmoMe BBISBICHHBIX MPEANOUTeHHH, TO X(p,Y) mosio-
KUTEIBHO OJHOPOHA IIEPBOU CTEIICHHU.

12. ITycts mpuOBLIH KaXIOTO U3 JIBYX NMPOU3BOAMTENEH 3aBUCHT HE TOJIBKO OT 00be-
Ma HCIIOJIb30BaHHOTO MM pecypca, HO U OT o0beMa pecypca, UCIOIb30BaHHOTO ApY-

UM, T.€..
1/3; 1/3

pi(ab)=a b " —a,
pa(ab) = a1/3b1/3 b,

[IpenmnonoxuM Takke, 4TO PBHIHKA PECYPCOB M MPOU3BOIUMBIX MPOIYKTOB KOHKY-
pEHTHBIE.

Kakum Torma OyayT

- ONTUMAJIbHBIE 00BEMBI HCIIOIH30BaHUS PECYPCOB;

- paBHOBECHBIE 00BEMBI?

Kakue u3BecTHBIE BAM MEpPHI MOTYT MPEOJI0JIETh (PMACKO PHIHKA B JIAHHOM cliy4yae?

ApryMeHTHpYyHTE CBOW OTBET, IPUBOJISI COOTBETCTBYIOLIUE BBIKJIAKH.

Bmopou eapuaHm

1. BoccranoBuTe NpsAMyI0 (PYHKIUIO TIOJIE3HOCTH MOTPEOUTENS HA OCHOBE €0 Hemps-
MO# (PYHKIIUU TTOJIE3HOCTH

V(p1,e.Pn,Y)=1nY =D ia; In p;.
2. Beruucnure QyHKIHMIO NPUOBUTH U (PYHKIIMIO U3IEPKEK JJIS1 TEXHOJIOTHHU, OIpee-
nsieMo# mpou3BoACTBeHHOM (pyHkiment Ko66a-/lyrnaca

feo=IIx"
U TIPSAMBIM BBIYMCIICHHEM TIOKQXXUTE, YTO B JJAHHOM CJIydae BBITOJHseTcs emma Llle-
napza ¥ jieMMa XOTeJUIMHIa.

3. Iokaxwure, uto GyHKIMS T(p) sABIsETCS PYHKIMEH TPUOBUIM HEKOTOPOH TEXHOJIO-
T'MH TOT/Ia ¥ TOJIBKO TOTJIa, KOT/Ia OHA BBIMTYKJIAs M MOJIOKUTEIBLHO OJHOPOIHAS MEp-
BOU CTEIEHHU.

4. ITokaxxuTe, 4YTO KBA3WJIMHEHHON (DYHKIIMH TTOJIE3HOCTH COOTBETCTBYET HETpsMast
(GyHKIUS TOIE3HOCTH, KOTOpas umeet popmy I'opmana

v(p,Y) = a(p) + b(p)Y
U SIBJISIETCS BHIMYKJION (DyHKIIMEH LIEH.

5. ITokaxmwure, 4TO €CIIM B MOJIETH 0OMeHa HenpsiMble (PYHKIIMU TOJIE3HOCTH MOTpedH-
TeJIel KBa3WJIMHEWHBI TO PABHOBECHE, €CIIN CYIIECTBYET, €AMHCTBEHHO.

6. ITokaxxure, 4TO B MOJeNIM OOMEHA C IByMsI TOBAPaMH M IBYMS IIOTPEOUTEISIMHU C
(GYHKUIMSME TOJIE3HOCTH

ul(xl) = X1 + X

v’(x) = X1
¥ HayaIpHBIMH 3amacamu ©' = (0,1) u o = (1,0) He cymectByeT paBHOBecHs. Kakue
M3MEHEHHs B YCIOBUSX 3a/auu (MapaMeTpax Mojein) OyIyT rapaHTUpOBATh CYIIECT-
BOBAaHUE PaBHOBECUS?

7. PaccMoTpuM Moieb 0OMEHa ¢ OJHUM 0J1arom, IByMsl IOTPEOUTEISIMH, TIPEATIOY-
TEHHSI KOTOPBIX OMHUCHIBAIOTCS CIeAyIoUMMHU (GyHKIKeH none3noctn Heiimana-



MopreHmTepHa ¢ BOTHYTOH 31eMeHTapHO! (yHKIMEH 1M0JIe3HOCTH
— J J
i) = D T ui(x7)

a HavyaJIbHBIE 3aM1achl YCIOBHO CITyYailHBIX OJiar OIMHAKOBBI Y 000UX MOTpeduTeneit u
CTpPOTO MOJOKUTENbHBL. KakuM OyZieT paBHOBECHE, €CJIA OJIUH U3 MMOTpeOuTeNnei puc-
k000 a apyroit HeUTpasieH 0 OTHOIICHHUIO K PHUCKY,
(a) cmyuae ecnau OIICHKH BEPOSITHOCTEH COOTBETCTBYIOIIMX COCTOSHUN MPUPOIBI Y
o0oux nmoTpeduTenelt CoBMAAAIOT T.€.

T = 0.
(B) 3TH OLIEHKH PA3IHYAIOTCS
(c) xakum OyneT paBHOBECHE B cuTyanuu (a) u (B), eciiu 00a moTpeduTens HeuTpaib-
HBI 110 OTHOIIICHHUIO K PUCKY.

8. PaccMoTpuM MOZIENb C HaYaIbHBIMU 3al1aCaMU, KOTOPBIE HE 3aBUCAT OT COCTOSIHUM
MPUPOIBI, CTPOTO TOJOKHUTEIbHBI, & IPEANOYTEHHS TOTPEOUTENIEH OMTUCHIBAIOTCS
¢bynkuusmu nonesHoctn Heitmana-MopreHmTepHa co CTpOro BOrHYTO#H 31eMeHTap-
HOM (hyHKIMEH MOJE3HOCTH CIIEIYIOIETO BUIa

ulxi) =>_; m ”l(xlj)

9. IlpenmosoxuM TakKe, 4YTO OLEHKU BEPOATHOCTEW COOTBETCTBYIOIINX COCTOSIHUM

IPUPOJBI y TOTPEOUTENEH COBNAALOT T.€.

T =T, i,k=1,..,n.
(a) Kakumu OynyT B JanHOM ciaydae [lapeTo-onTuManbHble COCTOSIHUSA?
(0) ITokaxxute, 4YTO B TaHHOM clly4ae, paBHOBecue Dppoy-Lledpe Oynem u paBHOBeCH-
em PagHepa naxke ¥ Ipy OTCYTCTBUU PHIHKOB YCIIOBHO-CITy4aiHbIX OJIar.
() [TokaxkuTte, 4TO €CIIM PHIHKOB YCIOBHO-CITyYaifHBIX OJIar HET, TO B JAHHOM CIy4yae
MOTYT CYLIECTBOBATh paBHOBeCHsI PajiHepa, KOTOpBIE HE SBIISIFOTCS PABHOBECUSIMU
Oppoy-/ledpe.

10. Kakoe cooTHOIIEHNE MEXTy TOTPEOUTETHCKUM U3JIUIIKOM, KOMIIEHCHPYIOLIEH 1
SKBUBAJIEHTHOM Bapuanueil Npyu M3MEHEHUH TOJIbKO OJJHOM LIEHbI?

11. HOKa)KI/ITe, 4TO CCJIM OTHOHMICHUC MPCANTOUTCHUA ACCUMCTPHUYIHO U OTPHULIATCIIBHO
TPAH3UTHUBHO, TO OHO AlIUKIIMYHO.

12. Tlokaxkute, 4TO ecau (PyHKIHS BEIOOpA HA MHOYKECTBE AIbTEPHATUB OMPEEIIACTCS
ACCUMETPUYHBIM U OTPULIATEIILHO TPAH3UTUBHBIM OTHOIICHUEM IIPEAIIOYTCHUS, TO
OHa yJIOBJIETBOPSIET akcMOMe XayTeKKepa (BbIBIECHHBIX NpeAnouTeHuil. BepHo au
obpartHoe yTBepxaeHue? [IpuBenuTe COOTBETCTBYIOIIUE KOHTPIIPUMEPHI.

13. Ilpenmonoxum, 94To COOOIIECTBO JIFOOHWTENEH OBICTPOM €31IbI COCTOMT W3 JIBYX
aBTOMOOHMIIUCTOB. Y OBICTPOM €371bI €CTh, OJIHAKO, 00OPOTHAsI CTOPOHA — C YBEJIUYe-
HUEM CKOPOCTH yBETHUMBACTCS PHCK aBapuh. Ilycts p(x',x*) BeposTHOCTH aBapwm,
€CIIM CKOPOCTH IEPBOTO M BTOPOTO aBTOMOOWIIS COCTABIISIOT, COOTBETCTBEHHO, X' M
x?. TIyctb QyHKIHs TI0JIE3HOCTH aBTOMOOMIIMCTA 1 MMEET BUJL

ui(x' x%) = v(x') + p(x',x%)¢'



rJie ¢' — ero M3AePIKKH, CBA3AHHbBIC C aBapHel. KakoBEI IIPH 9TOM H3IEPKKH KaKIOT0
aBTOMOOMIIKCTA (BKJIIOYAOIIKE | mTpad).
[TokaxxuTe, 4TO KaXKABI aBTOMOOMIIMCT 3aWHTEPECOBAaH €XaTh CIHUIIKOM ObICTpO (c
OOIIECTBEHHOM TOYKH 3PEHHUS).
Kakum noyoken ObITh mTpad t' B ciiydae aBapuu, 4T00bI HHTEPHU3UPOBATH IKCTEPHA-
muu? KakoBbl HpU 3TOM HU3ACPKKU KaXKIOTO aBTOMOOWJIMCTA (BKJIIOYAIOLIHE |
mrpad)? Kak ciemyer MHTEPHM3MPOBATh SKCTEPHAIMU B CIIydae, €CJIM IOJIE3HOCTh
aBTOMOOMIIKCTA OyI€eT paBHA

v(x")
€CJIM aBapus HE MPOU3OMICT M

—p(xl,xz)cl
€CJIM MPOU30UIeT?

14. J1ns mojenu Haiima (C IByMsI BOBMOXHBIMU JICHCTBUSIMU ) TOKAKUTE, YTO

(a) Ecii coOCTBEeHHUK HEHTpasieH MO OTHOLICHUIO K PUCKY, @ MEHEDKEP — PHUCKO-
¢$00, nmpuuem eiicTBUA MeHeKepa HabJtoJaeMbl COOCTBEHHHKOM, TO B HHTEpecax
COOCTBEHHUKA MOJHOCTBIO 3aCTPaxX0BaTh MEHEPKEPA, CBSA3aB OILIATY €ro YCIYT € ero
neiictBusMU. JlpyruMu ciioBaMH, oriaTa yclIyr MeHeKepa He Oy/IeT 3aBUCETh OT
noxona npennpusatus. Kakoil B TakoM citydae OyzeT cxema CTUMYJIMpOBaHus (o1uiaTa
yCIyr MEHepKepa)?

(6) Ecnn coOcTBEeHHUK HEHTpasieH MO OTHOUICHHIO K PUCKY, a MEHEIKep — PHUCKO-
¢ 006, mpuveM WHTEpPECH COOCTBEHHHKA M MEHE/Kepa He COBIMAAIOT (I AeicTBUS b,
MIPEIOYUTAEMOT0 COOCTBEHHUKOM, BBIMIONIHsAETCs cooTHomeHue ¢(b)) > c(a)), To oba
OorpaHUyYeHUs OyIyT CyIIECTBEHHBIMH, T.€ OIUIaTa YCIyr MEHemKepa OyAeT 3aBHCETh
oT aoxoja npeanpusatus. Kakoit B TakoM cirydae Oyner cxeMa CTHMYJIHPOBaHHUS (OTI-
JaTa ycIyr MeHekepa)?

(B) Kak Oyzer BHITIs1€Th ONITHUMABHBIA KOHTPAKT Haiima, eciu ¢(b))<c(a)?

15. ITpenmosnoxum, 4YTo B ayKLMOHE IPUHUMAET ydacTue n (n>2) nokynareiaei u i-pli
YYaCTHMK ayKIIMOHA OLIEHUBAET BHICTABICHHBIN Ha ayKLMOH TOBap B V(i) pyOiei

(a) Kakas niena OyneTt 3amiaueHa Ha 3TOT TOBap M KaKOW Y4aCTHHUK ayKI[MOHA €TO
mprOOpeTeT, ecliu ayKIUoH aHrauiickuit? (Ha aHrmniickoM ayKIIMOHE CTaBKH TOBBI-
maroTces Ha 1 J1.e. HaunHas ¢ MUHUMAJIbHOM IIEHbI, O0BSIBICHHON ayKIIMOHITUKOM, a
BBICTABJICHHBIN Ha ayKIIMOH TOBAp MPOAAETCS TOMY, KTO B KOHEUHOM CUETE HA30BET
HauOOJBIIYIO TICHY).

(6) Kakas nena Oyner BbIIIaueHa 3a TOBap M KTO €ro NMPHOOpETET, eclu ayKIHOH
aMEpHUKAHCKUi, a ero moOeanuTeNb — IMOKYINaTellb TOBapa — 3aIUIaTUT LIEHY 3a MpHU-
oOpeTeHHBII TOBap, PaBHYI0 MaKCUMAaJIbHON CpeH Ha3BaHHBIX OCTAIbHBIMH YUYaCTHHU-
KaMH aykiuoHa 1eH? (Ha amepukaHCckoM ayKIMOHE IpeaaraeMas i-blii y4aCTHUKOM
LIEHA [10JAETCs ayKLMOHIIKUKY B 3alleYaTaHHOM KOHBEPTE M HE MU3BECTHA IPYI'MM yda-
CTHHMKaM ayKL[MOHA 10 MOMEHTAa OOBSIBIIEHUS BCEX MPEATIOKCHHBIX IICH).

16. OxapakTepu3yiTe COOTHOLIEHHSI MEXKAY KPUBBIMU CPEIHUX, IEPEMEHHBIX CPEJI-
HUX U NPEAEIBHBIX U3JIEPIKEK.
UT0 U3 HUKECIEAYIOIIETO BEPHO:

(1) CpenHue nocTosiHHBIE U3EPKKH ITPU POCTE BHIITYCKA HE BO3PACTAIOT
(2) Cpennue COBOKYIHBIE M3AECPKKU BCETJa HE HUXKE CPEIHUX MEPEMEHHBIX U3JEp-
HKEK.
(3) Ecnu mpenenbHbIe U3AEPKKU BO3PACTAIOT, TO CPEIHUE HE YOBIBAIOT.



